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AMERICAN INSTITUTE OF ELE( TRIO AI. 

ENGINEERS. 


Nkw York, January I'Utli, I NUT. 

The 11:2th mooting of the Institutm was held this daft* at 12 
West 31st Street, and was called to order by President Duneatn 
at 8.80 i*. m. 

Secretary Pope read the following names of associate mem¬ 
bers ek^tod at the meeting of the Executive (Committee in the 
afternoon. 

Nairn!. Ad(ir<“.s, Kuduivt! i.y. 

Bates, Putnam A. Student, ColuinUiu Pniversity? p. B, Crocker, 

hence, X1 *? WeM, 7‘2d St,, N, V. Geo. I<\ Sever, 
( 'h-y* W. H. Prredmun. 

IIkrmessen, John Louis. Chief of Data Dept., Union Kirk- .y«»itii B, Blood. 

trkblafs Gcsellschaft, Kiris! Slrasse Harold HakoiiMm, 
Merlin, Germany. I<\ (\ Bairs. 

IIommee, Ludwig. Strjjt. ^ of Oonst.ruetion, Standard Henry W. KKher 


Underground Cable Co., Wasting Geo.*S. B1 Ln 

house building, IhUshurg, Pa. Wm. iMJImrkv. 

* 


Kenan, Wm. Iv. Jr. Chemist and Ktlrekrieal Kngineen, Id. h 1 , Prim* 

Australian Carbide Go., Sydney, W. K. Duidam 
^• ‘ s ** Paul M, Lincoln. 

MacGreoor, Wielaro II, Draughtsman, JM) West,27th St., Louis Dunrau 

N<*w York Gil.y, Frank J.Snrngue. 

<T, Hutchinson, 

It ice, Calvin Winhor. Consulting Fleet Heal Knginccr, (XT. Hutchinson 

H Katon St., Winchester, Miss. K, W. Hire, Jr. 

Louis Bell, 

Rich, Francis Arthur. CnusulUng Mining un,l Kl.-ctimid .(os. N. Minnie 

Kngimicr, Auckland, New Zealand, Oliirriicii L. Cnry 

das. A. Lighthipo 
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Stakes, D. Franklin, Electrical Expert, The Fort Wayne F. S. Hunting. 

Electric Corporation; residence, Thos. Duncan. 
240 West Washington St., Fort E. A. Barnes. 
Wayne, Ind. 

Townsend, Samuel G. F. Electrical Engineer in Testing Greo. F. Sever. 

Department, with Ward Leonard II.Ward Leonard 
Electric Co., Hoboken, N. J.; resi- A. W.Berresfortl 
dence, 181 Fifth Ave., N. Y. City. 

Total 9. 

The President: —The discussion this evening will be on Elec- 
t ideally Driven Vehicles. The subject will be opened by Mr. 
Hiker. 



-A Topical Discussion at the 112th Meeting oj the 
American Institute of Dlectrical Engineers^ 
New York , January 20th , iSqj. President 
Duncan in the Chair. 


ELECTRICALLY DRIVEN YEHICLES. 
(A Topical Discussion.) 


Mr Andrew L. Riker : —In opening a discussion on electri¬ 
cally driven vehicles, at this time, I feel as if the electric carriage 
had arrived at a period of transition, that is. it is passing from 
the experimental into the practical stage. ' I think that it is 
generally admitted that the electric carriage is the ideal vehicle 
having all the advantages of simplicity, ease of control, freedom’ 
from neat, vibration, or odor, but there is one element in the 
electric vehicle that we must not lose sight of, which has caused 

all experimenters in this line their greatest trials— that is—the 
storage battery. 

Ihis vital part of the system has been defective, and upon the 

remedy of this defect depends the success of the electric vehicle. 

Ihis defect is not that the storage battery is not a practical ap- 

^ that it has not been adapted to the particular 
leqmrements m this case. 

IbrSf W T^ °! a a n + i° t0 f ! ellicle milst be ke Pt within certain 
limits To that end the battery portion has had to be lightened 

and under the same conditions it has had to withstand heavy dis- 

e larges from 100 per cent, to 1,000 per cent, above the normal 

be devised 16et * he8e re< I ulreraents some special form of cell must 

I have corresponded with most of the prominent battery com- 
pames both in this country and abroad, and find the best output 

element ^W| C f m - P e f e )nc,udill g hard rubber jar, acid and 

Thi« v«bill d - + ’ + n about kve and one-half watt hours per pound. 

f S -i imits tbe run irom ^ our to five hours on each charge 
at a 10-rmle pace. b 9 

irtliuf e r Lafr any representative of the storage battery 
• ld be g ll j d *0 hear whether they have anything 
this service. I had hoped to be able to give the results 

en^aSd P but e tb e p f ^ a “*T 7? hi ? le U P 0J1 which I am now 
engaged, but the carnage is not finished. 

My experience with my first two carriages, both of which were 

3 
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supplied with a double motor equipment, lias shown that a single 
motor is preferable. The single motor equipment is much more 
sightly, and the motor and gears can be placed under the middle 
of the body and out of sight. I he bicycle construction, wire 
spokes, pneumatic tires and tubular gear I believe are necessary 
to a successful vehicle. Equally necessary if the vehicle is to 
give satisfaction, is simplicity of control. 

At the present time the electric carriage is not eminently 
suited for long runs, or out-of-town service, but for this we 
anxiously await what the future may bring forth. 

The President :— This question of motor vehicles is one of 
the most important, next to the development of railroad traction, 
which is before electrical engineers. The success of it depends 
upon what we can do with storage batteries. Mr. Riker’s results 
of five to six watt hours per pound seems to me better than the 
ordinary battery will do under the conditions imposed on them. 
As I have said, tests made by cyclometers show that few vehicles 
made as much as 30 miles a day, and it is only very rarely that 
they go as high as 35 miles a day. 

The results given in the ordinary battery catalogues show that 
no battery is now on the market that will drive a motor carriage 
more than 20 to 25 miles with a reasonable weight of battery. 
The lesults as given by Mr. Riker will enable the yehicle to 
travel something over 30 miles, and I am glad that such results 
are bang obtained I know myself that there are several bat- 
tenes that give results better than those on the market, but they 
lave not been developed to that point where they can be com¬ 
mercially exploited. It seems to me that the question is whether 
some of these batteries can be developed so they will give with 
comparatively_small depreciation a capacity to drive a vehicle 30 

to .jo miles. If they can do this they will be a success - if thov 
cannot they will be a failure Tf LI • " sntcc °?> 11 tl)e .y 

(rive ,K 1 a • one m the audience can 

b t o?t fr thlS P 011 ^ 1 Wl11 be ver J glad to hear it. 

;[ • I ask Mi. Riker what batteries he was referring to * 

heheve bfe EE :_I V S ref6 ; nin £ t0 tlle 3 -m. chloride lottery. I 
believe they guarantee a thousand discharges on that cell « + „ 
three and a half hour rate. 8 on tl)at cel1 at a 

trifvhhd?b? L wa Z ,-of Vl am ^ ardl y prepared to discuss olec- 

about fi iat b . es * storage batteries available 6 would only* <dve 
about rive and a half ivatt hours nw u . S lv p 

battery may be constructed to give^ix seven ’rW] A 

per pound, but it wonlfl i,o V/ -u , seven or eight watt hours 

W- h ^ 

KSrt dtvwS 6 Jf^™ 8 “W 1° *™“ce2 

WiJue to even go into expen- 
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monthly. The results wliieh have been obtained on the other 
side with gasoline motors and motors of similar kind are so far 
ahead of what could possibly be accomplished bv means of 
storage batteries as to practically settle tin* question in my mind 
that long-distance propulsion is not a promising held for the 
storage battery we are now capable of producing. 

Mr. Adams:— 1 merely came here this evening to hear the 
general discussion on the subject, without making any prepara¬ 
tion with a view of giving you any detailed information. The 
Electric Carriage and Wagon Co. are equipping a station in 
JMew York for the purpose of running a dozen or more electric 
carriages for public, and private service in order to demonstrate 
quickly the, commercial side of the question. As this is probably 
the first station of the kind that ever was equipped, a number of 
new problems are constantly arising, and it will la* some months 
before we can speak with any degree of accuracy as to what the 
probable results will he. Tin* service at first will he more or less 
selective, as we do not propose to try to do impossibilities or 
impracticabilities. As to what has occurred in the past year 1 
can speak with more confidence. We have constructed a carriage 
that has travelled 35 miles on one charge through the streets of 
Philadelphia, no particular route being selected, and the ordinary 
conditions of city travel, such as grades, railway crossings, and 
the various kinds of pavements being met with. We have made 
with this carriage during the past year about 1,000 miles, and 
have covered this distance with hut a single accident, which only 
caused a delay of about- live minutes. The carriage has had to 
travel over all sorts of streets and roads in Philadelphia, New 
York, Providence and Chicago. This carriage is in the form of 
a surrey, and is not adapted for public use. Those that wo are 
now constructing (the first of which is already in New York) are 
built on the principle of a four-wheeled hansom; that is to say, 
the front part of the vehicle is exactly the same as the ordinary 
hansom with which you arc* familiar,*and there is a box extend¬ 
ing from the rear on which the* drivel's seat is mounted, and 
which box is carried on the rear wheels and intended to carry 
the battery. We expect to make with these hansoms and coupes 
from 15 to 20 miles cm one charge, which we consider more* than 
sufficient to meet all the requirements of city service. They arc* 
not intended to take long trips out into the* country, and we will 
not attempt to use them for this purpose. Almost any point in 
New York or vicinity can he reached within a radius of 74 miles 
lrom Thirty-ninth Street and .Broadway, and on returning from 
a 15-mile trip it is only necessary to change the batteries, which 
is an operation requiring hut a few minutes, when the vehicle 
will he ready for another 15 miles. Tins vehicle weighs about 
2,5o() lbs. The cells which we use are 44 in number and have a 
capacity of about 70 ampere-bourn at a two and one-quarter hour 
rate of discharge. That is to say, they will give 30 amperes for 
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two hours and one-quarter, and a correspondingly increased 
amount for lower rates. As it requires about 25 amperes to rim 
on levels at a speed of about nine miles an hour, it will readily 
be seen that we will have a capacity of at least 20 miles on levels 
and 15 miles over any conditions that we will probably meet 
in blew York. r ihe battery, including the rubber jars, acid, and 
retaining boxes, weighs about 1,000 lbs. 

The President:—I have talked with people who have spent 
a great deal of time and money on the question of motor vehicles, 
and who have tried oil, compressed air and gasoline for motive 
power. Their idea is that it is almost impossible to make a motor 
carriage that can be turned over to any driver—one who knows 
nothing about mechanics—and obtain successful results. The 
heat, the smell and other disadvantages were such that the com¬ 
pany referred to, gave up experiments with everything but storage 
batteries. The most extensive fields for motor vehicles is ill large 
cities, where the batteries can be charged at night and where 
long trips are not required. The experience with storage bat- 
teiles has been that if they are never fully discharged, but always 
have a partial charge, the depreciation is not high a.nd their 
efficiency is satisfactory. . If, however, they are discharged com- 
p etely, the depreciation is very high and efficiency is low Now 
the question, to my mind, is whether we have reached such a 
condition ot affairs that any battery made will allow a motor car¬ 
nage to be run say 30 to 35 miles and still retain some charge in 
the battery. I would be glad to hear from any one who has had 
practical experience with storage batteries as to their present 


Me. II. B. Coho : Some years ago I had considerable experi¬ 
ence with storage battery cars and found that with our tracks in 
good condition we could run fifty miles on one charge, but when 

IthinTS JTt dll ' ty w but ten mileson the fame charge. 

I shmo/^ f f W6re inte f dm g to use a storage battery carriage 
I should want to use a meter, which after a certain number of 

watt horns had been expended, would ring the bell and <n V e 

warning that it was time to return. I have yet to see the batterv 

w ich on one charge I would feel certain of making more than 
thirty or forty miles with. & ian 

The Peesident: It depends largely on what you have in vour 
storage battery carriage. abyou nave m your 

Me. Coeson:—I would like to say that in a motor carriao-e 

—I 1 tavern the met^^f °*/ x ™ in g- ai1 electric carriage 

Col, ° de8c * s « 

t> T if ^ >EESIDENT : —If it is only the driver, I think it is all nVlit 
But there may be other people, who wish to go Z 

Me. Joseph Sachs:—I think a discussion nrobahW nf ti.* 

various features that enter into the eonstructioZof a motor cai 

nage m general might he of interest. Mr. Biker, for instance' 
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has built a vehicle possessing a number of very peculiar features, 
and the discussion of these features and others might be interest¬ 
ing. There is a great deal more than the mere furnishing of 
power in the successful motor vehicle; and while probably the 
power may be over 50 per cent., still the other factors are very 
important. 

Mr. Rikkr :—In reply to Mr. Sachs 1 would say that there is, 
of course, a great deal more in the elect! ic carriage than just 
simply the storage battery. But my object was to see if we 
could not get somebody in the storage battery line to make an 
improvement then*. Wo think that the rest of the carriage is 
all right. 

Mr. Sachs : — If you look at it from the electrical side. 

Mr. Uikkr: —Of course the horseless vehicle must be built 
differently from the vehicles we have been accustomed to, drawn 
by horses. In the first place is is a vehicle that carries its own 
propelling power and relies on traction to take if over the 
ground, and there is no necessity, so far as I can see, of building 
a high vehicle. Our new designs, in fact, call for a low vehicle. 
We also advocate the use of small wheels, using in our new 
machine JM-ineh rear wheels and M2-inch front wheels. I had 
hoped to he able by this time to give the data, on our new 
carriage; hut as I said before, it is not finished yet, through de¬ 
lays of construction ami other causes. But our object, has been 
to produce a small, light electric vehicle that has a range of 
about forty miles on a single charge of the battery. A vehicle 
constructed for this work, with a capacity of two passengers and 
an average speed of ten miles an hour over ordinary roads will 
weigh, complete, about 1400 pounds. Of course, the principal 
weight here in the battery. We advocate the use of pneumatic 
tires and large ones, and the simplest form of running gear- 
single motor equipment—and we are trying on our new machine 
a device that is practically on the order of a back gear on a lathe, 
so that when we strike snow or very heavy grades, instead of 
taking too heavy a discharge on our baltcrv, we can run our 
motor at its highest, economy and reduce the speed of our vehicle 
to such a point that we will get the best results. This is all op¬ 
erated automatically, so that there is a simple lever to make all 
the changes. We also believe that the electric carriage, as Mr. 
Coho said, has to he operated nearly automatically and to take 
care of itself. We have tried to make this one so; so that in 
case a man happens to get a little tired and runs the carriage up 
against a stone wall or something, forgetting to turn off the cur¬ 
rent, that the batteries will not stand and discharge and the first 
thing we know we have a wreck. We have provided a device 
that takes care of that. Also, in case he gets rattled and forgets 
to cut off the current and put on the brake, which is sometimes 
done at close quarters, it will cut the current off and bring the 
carriage to a stop. I know of an electric vehicle now that is 
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being made in which they are trying to overcome that difficulty 
of running out of a charge, and in fact I believe they have it ar¬ 
ranged so that an instrument on the dashboard indicates when it 
is time to go home. It shows the amount of current left and 
the amount of current consumed. The same device, I believe, 
when in charging, puts the required amount, over and above 
what has been taken out of the batteries, back; so that the 
machine can be looked after by anybody, and the question of 
putting 25% more in than has been drawn out is not necessary. 
It is attended to automatically. The steering gear in a motor 
carriage is another point that is sometimes overlooked. There 
have been a great number of very peculiar devices proposed. I 
think the general tendency is to adopt the style of hinging the 
wheels at the hub, or pivoting the wheels at the hub, so that the 
two wheels turn on their own independent steering head or fifth 
wheel, avoiding any of the great leverage exerted by a fifth 
wheel device, in which when one wheel strikes a rock or obstruc¬ 
tion it tends to throw the carriage from its course. Our new de¬ 
vice is such that we can, in fact, go over an obstruction of three 
or four inches with one wheel, nothing under the other, without 
a tendency to throw the wheels whatever. 

I do not know what other points there are to bring up. But 
I think there are some gentlemen here who could give us some 
interesting data, if not on the electric, on the gasoline vehicle. 

Me. Coho :—I should like to ask Mr. Biker whether he has 
ever made any tests showing what the difference of current was 
on macadamized and asphalt roads; that is, on ordinary days— 
not when there is mud. 

Me. It ikee : We have made some few tests in regard to that 
matter, and we find that on an ordinary Belgian pavement the 
power consumed is about the same as on the asphalt, and they 
are slightly less than good macadamized roads. Whether the 
friction of the large surface of the pneumatic tire on a macadam¬ 
ized load offers more resistance or not I do not know; but it 
seems to be so—that the Belgian block and asphalt offer about 
the same amount of resistance to the vehicle. 

. The Peesident : May I ask the advantage of a bicycle wheel 
instead of an ordinary wheel ? 

Me. Rikee:— Do you mean instead of a wooden wheel ? 

The Peesident :—Yes. 

Me. Rikee : Well, the use that the wooden wheel has been 
put to has simply been to carry loads, and from the mere fact 
that every wooden wheel is run with radial spokes, the tendency 
is, when driving from your hub up, or your axle up, to twist the 
spokes off. We were using a radial wire wheel and with some 
angential spokes to it, but we had an accident one night and we 

, the . \° P ieces - The tangential spokes did not 

. d - , And I think that in a motor vehicle it is absolutely 
imperative that wire wheels should be used, for a number of 
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reasons. We are building not merely a carriage 1 but a, machine 
now, and wood, as a general rule, is not very largely used in 
machine eonstruetion. We ean get a lighten* wheel and a very 
much more stable wheel with the wire construction, and there is 
no doubt but that the driving wheel should have tangential 
spokes instead of radial spokes. 

M k. Sachs :—Some time ago I had occasion t<> look into the 
general art of motor vehicles, and I collected a lot of data re- 
lilting to the subject.. There are numerous essential features to 
be considered in the construction of a self-propelled road vehicle, 
aside from the motor. A great many of these considerations 
certainly do not refer particularly to the electric vehicle. In 
broadly considering the motor carriage, if I may consider it in 
that light under the present, discussion, 1 find that the following 
features should be taken up: first, certainly, the design of the 
laxly, the motor, the gearing- unless tin* motor is directly con¬ 
nected, and I understand there is some work being done in the 
direction of direct-connected electric motors, the armature being 
directly connected to the wheel spokes. The controlling mechan¬ 
ism, in which direction electrical devices surpass all others. The 
disposition of tin* machinery in the vehicle plays a very import¬ 
ant part. The general operation, care and attendance, is certainly 
most ideal in the electric vehicle. The cost of operation, facility 
of renewing the power-generating material, and the wear and 
depreciation of tin* power element. Tint disturbing and inter¬ 
fering qualities-—these, as compared to other vehicle^ are in the 
electric, vehicle practically tuL Tin* comfort, and freedom from 
objectionable features to the occupants in the electrical vehicle 
are also ideal. 

The appearance of the vehicle: Mr. Rikers design, consid¬ 
ered as a self-propelled vehicle, is certainly very handsome. 
Speed, grade-climbing ability, weight, and in bud. all other ele¬ 
ments which enter into a traction vehicle. Safety 'should come 
into consideration primarily. And here again the electric ve¬ 
hicle is certainly the most ideal. 

As Mr. Hiker has said, we cannot follow the horse-drawn 
vehicle in the construction of a motor wagon, for the simple 
reason that our problem is a radically different one. Wo have* a 
traction vehicle and not. a vehicle that is pulled or pushed; a 
vehicle that must furnish its own propelling energy from self- 
contained power. 

Having chosen the general design of the vehicle, body and the, 
particular form of motor, the construction of tin* frame is 
important; and 1 find that both in Europe and this country the 
most advanced workers in this direction have adopted a tubular 
steel frame construction, somewhat of the bicycle tube type. 1 
also find that there is a tendency, more or less, to devise a sep¬ 
arate truck; a truck carrying the motor, and probably in some 
eases the entire power mechanism, and so equip this‘truck that 
it can be fitted with almost any design of vehicle body. 
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The point Mr. Eiker made in regard to a low vehicle is cer¬ 
tainly a correct one, because a vehicle that is self-propelling and 
is required to turn sharp corners, at high speed at times, cannot 
be top-heavy. It would very soon turn the other end to the 
ground if there were any high center of gravity. Regarding 
the power, speed and capacity, I think there has been entirely 
too much attention paid to the question of high speeds. I find 
that the public interest has been aroused on the possibility 
of traveling from one point to another at lightning speed. The 
electric or any other motor vehicle is not solely intended as a 
racing machine. I believe there are a great many other uses to be 
considered, and while I think that probably a very high speed 1 
vehicle will be of great value for certain purposes, and while 
high speed ought to be possible with certain classes of vehicles,, 
the majority of the traveling will be done at probably 10 or 15 
miles an hour. I do not consider a large power capacity in the 
motors, or too much of an ability to climb steep grades at maxi¬ 
mum speed or high speed advisable. In fact, the device Mr. 
Eiker has mentioned, similar to the back gear on a lathe, clearly 
shows that it is essential, even with an electric motor, with its 
very flexible power capacity above its normal rating—that even 
with such a motor it is better to apply some low-gear apparatus. 

I find that there seem to be many mistaken ideas regarding 
where to place the most weight. Some inventors seem to have 
placed the entire weight of the machinery on the steering wheels 
instead of where it ought to be, and where it probably could be 
best applied—over the driving wheels. 

I he question of wheel construction, as Mr. Eiker mentions, is 
a very important one, and the point he brought out is probably 
the ^ principal one to be considered. The wheel of a motor 
vehicle does not only support weight and resist side thrusts, but 
has got to be used as a propelling agent. There is a force ap¬ 
plied at or near the hub which must be exerted through the 
spokes to propel the vehicle, with a tendency to twist the spokes. 
Ihe majority of inventors and builders have tried to apply the 
power as near to the rim of the wheel as possible. In fact, I 
found a device some days ago in which the motor was geared 
directly to a driving gear on the rim of the wheel, using a very 
high speed motor. I find that wheels have been built to rotate 
on a fixed axle; that is, the axle being rigidly attached to the 
vehicle body , and then I found some in which the entire axle 
and wheels rotate. Both of these constructions necessitate pecu¬ 
liar designs in the gearing, particularly when a single motor is 
usea. 

Regarding wheel tires, I find that pneumatic tires have been 
a most entirely used, although many of the European vehicles 
still adhere, particularly the gas vehicle, to steel tires, and in 
some cases wooden wheels. The peculiar advantage which is 
c aimed ioi the pneumatic tire is its ability to give that slight 
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flexibility when passing over or striking obstructions directly, or 
on either side of the point of contact. It is just that slight flex¬ 
ibility which to a great extent prevents the steering wheels from 
being thrown out of their direction or from the stoppage of the 
vehicle in a great many cases. With a hard wheel the entire 
vehicle must he lifted over the obstruction, which means just, 
such an expenditure of energy as is necessary to lift that weight 
over that particular height. Certainly a great deal of this is 
given hack again when the vehicle drops on the other side, and 
a vehicle of this kind is continually striking such obstructions to 
run over. Now with a tin* having some flexibility, such as the 
pneumatic, tire, that slight flexibility in the material of flu* tire 
only necessitates the vehicle being lifted over a correspondingly 
smaller height. Side thrust pressure, on the bearing, is also ma¬ 
terially decreased thereby. 

The steering appliances, as Mr. Hiker has stated, have been 
greatly diversified, and in some cases very little attention seems 
to have been paid to this particular item, as the fifth wheel 
method seems to have* been retained in some vehicles; principally, 
however, the earlier types. The main point in the steering de¬ 
vice seems to he to make the leverage between tin* pivotal points 
of the steering wheels and the point of contact on tin* wheel tire 
as short as possible, so that the energy, whether it be manual or 
otherwise, necessary to counteract that applied at the wheel rim 
when striking an obstruction, which is continuously necessary in 
running along a rough road or in steering, is as small as possible. 
The fifth wheel construction, or the pivoting of the single axle 
at a point midway between the wheels gives the maximum practi¬ 
cal distance between the pivot and the point of eon tact.. The 
tendency seems to he to use the construction adopted by Mr. 
Hiker; mounting the steering wheels on short axles, each pivoted 
separately to an axle-tree, close to the wheel hub. In Home eases 
the pivotal point of these, short pivoted axles is on a line with 
the contact point, on the, wheel tire, so that there is practically no 
leverage at all to turn the wheel. When steering, this arrange¬ 
ment gives the vehicle a rather peculiar appearance, but this device 
is certainly most ideal. Front steering wheels are most*generally 
used. Then* are some advantages claimed for tin* rear steering 
plan adopted in some vehicles, but I am not particularly familiar 
with them. In either east*, whether front or rear, the tendency 
is to throw tin*, weight of the vehicle onto the rear wheel. 

Many elements must he considered in connecting the motor to 
the driving wheels. Many of these apply to the gas and steam 
motors only. Electric motors are certainly ideal. Nothing 
better can be hoped for, particularly with a single, reduction or 
possibly direct connection between motor and wheels. In other 
motors a great many different devices have been used. Home of 
them may he enumerated as follows: Differently speeded gears 
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upon the main shaft, each individual gear being operated by a 
separate clutch and a cam lever or similar device for operating 
these clutches. By shifting the lever you throw in one or the other 
of the different gears and thereby obtain different speeds, or re¬ 
verse the motion with the motor running in one direction. Instead 
of having a number of small clutches, one on each separate gear, 
one large clutch has been placed on the main shaft, and when it 
is necessary to change the speed, this clutch is thrown out and 
the gear shaft or sleeve shifted into another connection with the 
transmitting gears on the next shaft, and then the clutch thrown 
into connection again. This cumbersome arrangement is used in 
the principal European motor vehicles, chiefly in those employing 
the Daimler motor, which are being built by Messrs. Peugeot 
Freres, and Panhard and Levassor. Then there are different ar¬ 
rangements of separately speeded belts with either clutches or 
belt-shifting devices, cone pulleys and belt-shifting devices, loose 
belts and an idler, consisting simply of the transmission pulley 
and the power pulley over which a single belt runs, this belt being 
tightened or loosened by means of the idler, another belt being 
used for reversing. There are various arrangements of friction 
rollers and disks, and also a number of hydraulic and pneumatic 
gears. Some of the hydraulic gears use a pump of some bind 
operated by a motor, and the pump operates hydraulic motors 
geared to the wheel. 

The brake of a motor vehicle certainly is an important factor. 
The tendency in this direction appears to be to apply the brake 
upon some separate brake pulley, upon either the motor shaft or 
upon some transmission shaft between the wheels and the motor. 
Braking upon the tires, particularly with pneumatic tires, very 
rapidly wears the tires and is not to be advised. With the elec¬ 
tric vehicle, dynamic braking may be considered, and various 
electric devices can be devised for braking purposes. 

I wish to mention, in view of the fact that we all consider the 
electiic vehicle the most ideal, that there are various vehicles— 
steam vehicles included—that seem to have attained particular 
success. I may say that so great an authority as Sir David Salo¬ 
mons has lately taken up and developed a peculiar type of steam, 
vehicle. This vehicle is known as the Serpollet steam carriage, 
and is most peculiar in its operation, being provided with a boiler 
of the instantaneous type. The tubes of this boiler consist of 
very heavy flattened steel tubes which are then jacketed over by 
an iron casing, and the flat opening of these tubes is probably 
an inch or two long and probably one-sixteenth of an inch 
high., the water used for generating steam—the boiler normally 
carrying no water whatever unless it is in operation—is forced 
into the boiler. This water is forced into the tubes by the hand 
pump at first, and steam is instantaneously generated, super- 
iieated, and then passes directly into the engine cylinders. After 



1897 .] 


A TOPICAL DISCUSS I OX. XIIW YORK 


1H 


the engine is in motion a small pump torees water into the boiler 
tubes. ^ As the energy of the motor depends upon the amount of 
steam generated ami consequently upon the amount ot water 
forced into the boiler, the amount of water w regulated by means 
of a regulating valve, the pump-stroke remaining fixed, and the 
valve has a, bv-pass so that the water that is not forced into the 

boiler passes back again into the reservoir. 

Regarding gas motor vehicles, it is unnecessary tor me to 
briii,'- up the various objections that have been mged against 
sue,if vehicles. 1 mav sav that acetylene is being tried In van 
( nis inventors, and f believe there have been some results oh- 

tamed . 

The bad features of gas vehicles may be enumerated as fol 

lows: Thev are not self-starting. They cannot start with auv 
load. Thev give only full load and no excess ot flexibility, and 
I think that this is one of the prime defects of gas motor ve¬ 
hicles—the fact that when going at the maximum rated capacity, 
if a sudden demand is made upon them for an excess of power 
above that which the motor is capable of, the vehicle stops short 
unless its momentum is great enough to force if over that ob¬ 
struction. Certainly, in the majority of cases, probably it will 
run right over any obstruction that ordinarily will bn met with. 
Hut them may be eases whom bud ponds will bo struck, and sun 
ilar instances,'where, unless the speed gearing changed imme 
dialedy before striking such a piano, tlit* motto* will stop short 
and it will Ik* very dilllcult to start it up. I have notod this 
notion particularly in some of tlu‘so vehicles, and tonml that this 
occurred several times during a recent trip. < Trtaiuly tin* eone 
plicated gcHiring and the powor lost therein, ami that tin* motor 
must run continuously after onoo started mud Ik* noted. H you 
stop for a time, you* have got that eontimmiH running of the 
motor, pouring forth its fumes and deposits. I think that the 
promoters of this type of vehicle elaim that they will and have 

already partly remedied this defect^ 

In engines using the heavier oils, the (dogging up of the 
mechanism by deposits is to Ik* particularly noted, as well as tin* 
odors which come from the engine exhaust. I would say, in re¬ 
gard to the many parts and tin* delicate mechanism of tho gas 
engine, and the fact; that an engine of this type ought to he built 
as heavy as possible for tin* duty it does, that it seems most pe 
mi liar that some of the. European vehicles wen* abb* to go 
through tim extremely long journeys \vliieh in some races in 
France amounted to hundreds of miles. They had some aeei 
dents, hut still the same 1 motor held out, with the Ji 4, ^ 3 

pairs. Some gas motor vehicles have been built wluel^ ap¬ 
parently opt irate with fair success. The Duryea motor vehicles 
in this'country, and the Panlmrd and Levassor, Peugeot Krcres, 
Berne and others in Europe, have attained quite some prom¬ 
inence. 
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I would like to ask Mr. Hiker about one point in connection 
with electric vehicles, and that is this—why he prefers the 
single motor construction to the double motor construction. 
Certainly both have their advantages, and it may be interesting 
to have from him his reasons for using one or the other. I also 
wish to note that while the storage battery to-day is probably the 
only method adapted to supply- electric energy to the electric 
motor for this purpose, that probably there may be something 
done in some other direction. I do not particularly allude to the 
possibility of generating electric current by direct chemical 
means or by means of heat or some similar method. We may 
consider in one sense the 'electric motor as an excellent, in fact 
as a prime method of tranforming electric energy into actual 
mechanical power. If we now devise some better method of 
actually generating the energy, some combination might be 
made which would eliminate the storage battery entirely. It 
may seem like taking away a bad element and substituting 
something worse; but there may be more in the direction of 
combining a small dynamo, driven by a gas engine, with an elec¬ 
tric motor, than would at first appear. 

Mr. Hiker :—I do not think Mr. Sachs is probably aware, 
when he makes the remark about the steam carriage, that Count 
de Dion, who has probably done more experimenting with the 
steam vehicle than any other man, in an article the other day 
stated that he considered, for country work or very heavy work 
outside of city limits, that a steam tractor, as he called it, would 
be preferable to a vehicle carrying the motive power within 
itself. He also went on to state that he considered, after a num¬ 
ber of years experimenting on both petroleum and steam vehicles, 
that he was working on an electric carriage for city work, and 
that his hopes for the future la # y in the electric carriage. 

In regard to prefering the single motor equipment Mr. Sachs 
believes there is a word to be said in favor of both these con¬ 
structions. I think the greatest point in favor of the single 
motor equipment is its first cost. Of course, in experimenting, 
we do not care what our carriage costs—the first one. But when 
we intend to put a practical commercial machine on the market, 
we have got to look at what we can sell these carriages for, and 
there is certainly a great difference between building two smaller 
motors and one larger one. The efficiency also is in favor of the 
single motor, and the weight is in favor of the single motor. 
The regulation can be accomplished with a. single motor the 
same as with a double equipment, grouping the cells and 
changing it in that way. The only objection to the single motor 
equipment as compared with the double one is that in case any¬ 
thing should happen to one of the motors, in the case of the 
double equipment, you have another one to come home with. 
But -\ve found that the motors very rarely gave out; it was a 
question of something else—of which we did not have a double 
equipment. 
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Mr. Sachs :—I must say that I did not notice this recent com¬ 
munication of the Count de Dion. But I am quite familiar with 
the class of vehicle that he has been promoting or working on. 
One vehicle is a very heavy affair; and in another case, a light 
tricycle. In both cases ordinary steam generators are used, 
carrying water at all times and a large amount of fuel. I hardly 
believe success will be attained in this direction for various 
reasons In the first place, you have the generation of steam 
constantly going on which necessitates automatic firing. Auto¬ 
matic water feeding is essential, and blowing off steam when the 
engine is stopped would be absolutely objectionable. The danger 
of explosions exists to some extent unless all these devices work 
perfectly. Feeding and regulating the fuel automatically is a 
very difficult thing to accomplish satisfactorily even with oil fuel. 
In fact there are a number of other objections that may be 
brought against this class of vehicles. But when I spoke of steam 
vehicles I meant the type in which instantaneous generation or 
similiar boilers are used. I have not any exact data regarding 
the Serpollet vehicle, but from the information I can gather, 
this particular type of boiler is being developed, in France 
particularly, and numerous applications are being made, not only 
to motor vehicles but for other purposes. The results obtained 
from this type of steam generator have been excellent. I noticed 
some time ago in an article appearing in Electrical Engineering , 
written by Mr. Summers, the statement that the results obtained 
with the Serpollet steam generator very closely approximate 
those that can be obtained with compound condensing engines. 

With this type of motive power, you at once obviate a great 
many of the objections to steam vehicles, and if the device does 
not depreciate too severely, is not too expensive, and is safe, as 
it would seem to be under ordinary conditions, I think that there 
is more than an ordinary chance of a vehicle of this type coming 
in for some success. I do not mean to say for a moment that I 
do not believe that the electrical vehicle in every way, is the 
ideal, if we leave the question of long distances out of the prob¬ 
lem entirely. If we simply want to make a trip about town, or 
if we want a carriage for pleasure purposes to take a short ride 
for an hour or so, 1 do not think there is anything that can sur¬ 
pass an electric vehicle, allowing that a fairly satisfactory battery 
is adopted. We must however have vehicles to travel greater 
distances than the ordinary electric vehicle in its present con¬ 
dition is capable of, and I think that steam comes in for more 
than an ordinary share of the probability. 

The Secretary :—It may be of some interest to know that 
the type of boiler referred to by Mr. Sachs was brought to my 
attention seven or eight years ago in the form of a model. It 
was a very simple affair and the whole arrangement was easily 
understood, but I had heard nothing of it since and I supposed 
there was some practical objection to it. 
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We have with ns this evening as a guest, Mr. Van Hoevenbergh, 
who is an inventor of a good many years experience and has 
taken an interest in this subject, not as a maker of electric vehi¬ 
cles, but as a prospective purchaser. I suppose that he may be a 
competent critic of electric vehicles as they appear to-day. I 
think that if he feels at liberty to say anything it would be of in¬ 
terest to the members. 

The President: —Being a customer, Mr. Van Hoevenbergh 
will probably be listened to with a great deal of attention. 

Mr. Henry Van Hoevenbergh :—Mr. President, I would say 
merely that I came to listen to-night, not to say very much. But 
I have been looking for an electric vehicle for some time, and I 
have examined particularly into horseless carriages of all kinds., 
The objections we have heard to-night to them I think may be 
summed up very easily: In that the steam vehicles are noisy; 
that they require an engineer of a good deal of experience to 
take care of them, and that they are very complicated—at 
least all that have been produced so far have been. The gas¬ 
oline and naphtha vehicles have been pretty thoroughly tried,, 
somewhat in America and more in France. In one of their 
races 50 vehicles were entered, and the race was from Paris to 
Marseilles and return, which was 1,005 miles. The wonder of 
it was that the greater portion of them made the entire trip suc¬ 
cessfully, but they ran across quite a number of obstacles that 
have not been brought to notice to-night. For instance, there 
were no less than 14 dogs sacrificed to science during that trip. 
One of those dogs was drawn into the machinery and so thor¬ 
oughly ground up that the carriage had to be taken aside and 
thoroughly cleaned, and the bones and head and so forth com¬ 
pletely eliminated before it could proceed. Another of the 
vehicles was charged by an enraged bull, and the engineer was 
tossed over into a field. Still another one was upset while dis¬ 
puting the right of way with a cow. The two retired from the 
race immediately. But leaving those out of account, the rest 
seemed to be very successful. t)ne of them was tried by a mem¬ 
ber of a New York firm. It made the trip from Albany to New 
York and return, which practically wore the vehicle out, to be¬ 
gin with. It was said further that it frightened every horse 
that came within range, besides leaving behind it an odor that 
could almost be seen; so that naphtha vehicles seem to have to 
sit down in their turn. 

To the electric vehicles, I think, with Mr. Riker and others, 
we must look for the successful vehicle of the future. All of 
those propelled by naphtha, steam, or any motive power of that 
kind, are always going to require very experienced men to 
handle them. They should really have an engineer and a driver 
besides, which is entirely impracticable for ordinary pleasure 
vehicles. But the electric vehicle, perfected as it undoubtedly 
will be in one way or another, would require just simply a driver, 
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who with one lever, which perhaps he might turn from side to 
side to guide his vehicle, and depress or lower it to regulate the 
speed, seems to be the vehicle that is going to be successful. 

But there is another little side line that I have been interested 
in for some time that perhaps may be interesting to some present; 
that is, for fixed stage lines that go backward, and forward.every 
day over exactly the same routes, and that need never diverge 
more than to one side of the street or the other, the trolley might. 
be adopted with advantage. The great disadvantages so far have 
been that in the first place there can be no ground return wire, 
of course. Therefore it must be a double conductor, and the 
double-conductor trolleys have been anything but a success, so 
far. But it is possible to produce a double trolley vehicle which 
shall have these advantages; that in the first place it shall re¬ 
quire but a single pair of conductors to propel it; that the 
vehicle shall have the whole range of the road, and that it shall 
be possible for two vehicles to pass each other on the same set 
of conductors. I know that sounds something like the train 
which was proposed by that crazy joker who died in France not 
very long ago, who proposed to the society of engineers there, 
in all gravity, a train provided witli inclined planes, so that when 
two trains ran together, instead of knocking each other to pieces, 
one w r ould simply run over the other, down the opposite side, 
and go on. That resemblance, however, is only fanciful. In 
the plan that I propose, the carrier is supported entirely upon 
one wire; it is clamped to it and runs upon it. It has an arm 
reaching over to the other trolley wire and making the other 
connection. One of the trolley carriers runs on one wire and 
one on the other. When the two come together the flexible 
arms just simply allow the others to pass, and they go on a t gain, 
the connection being broken but for a very short time. That 
has been very successfully tried in laboratory tests; whether it 
will be a success when put on the road is another thing, although 
it looks very favorable at the present time. I don’t know that 
I have anything else that would be of interest. 

Ti-ie President :—I think it is rather important to know ex¬ 
actly what the problem is that is presented here. As I say, I have 
seen data that showed that the ordinary vehicle in city use and 
even in country use does not go more than thirty miles a day. 
So if you can get a vehicle that will run thirty miles in 24 hours, 
it will fulfil pretty much all that is required. But if anybody 
has any data about that, I would be very glad to hear about it. . 

Me. 0. E. Dueyea :—It was quite late when I learned of this 
meeting. It was all I could do to get here, and I did not expect 
to make any remarks. There are some points presented however, 
that I would be pleased to take up. In the matter of construc¬ 
tion, I wish to say a few words about the truck system. It is, I 
think, the cheaper plan to put the motor on the truck, leaving 
the body free. The truck is the handiest place to attach the 



18 


ELECTRIC VEHICLES. 


[Jan. 20, 


motor. It is also, I think, a matter of common observation that 
the new inventor in this line begins by putting tlie motor on the 
truck. But a little experience in carriage building, such as could 
be had by inquiring of some coach or stage builder, will show the 
in ad visibility of putting the motor on the truck because of the 
constant vibration to which the necessary machinery for the motor 
vehicle must be exposed, if so near the ground. For an example 
of-what I mean, a prominent coach builder stated that he had 
seen a f - n iron bolt worn completely off by the rattling of the nut 
which happened to be loose, and yet the bolt was riveted over so 
that the nut could not fall off. It just jiggled around there until 
it cut the bolt off entirely. That is a specimen of what constant 
pounding over the road subjects a truck to. So if we are to build 
vehicles which will give satisfaction in use, we ought to put the 
machinery in some more satisfactory place—perhaps not so satis¬ 
factory to the user, but necessary in order to have the machine 
better cared for. 

The question of odor is one that has been brought to our atten¬ 
tion very prominently in the last few years, because we have 
been experimenting almost wholly with those odor-making 
machines—gasoline vehicles, and we have urged several things 
that we think are quite pertinent. We do not consider a gasoline 
motor so objectionable, in respect to odor, as the average horse, 
and we think that is a sufficient answer. We have a motor that 
we believe makes a less objectionable odor than that behind 
which the public are riding to-day, and we do not ask the public 
to ride behind our motor. In our vehicles they sit in front of the 
motor, and if they are behind the motor at other times, it is their 
fault and not ours. As a matter of fact we are pushing forward 
experiments in the line of eliminating odor, and we think we will 
succeed in getting rid of so much of it that it will not be 
objectionable. 

The automatic feature that Mr. Biker spoke of is another point. 
Two or three times in my life I have needed small power and 
have been unfortunate enough to have to watch it myself, and I 
secured some of those things that were automatic—automatic 
steam engines. They were supposed not to need attention, and 
the great and peculiar feature 1 found with them was that when 
you were not looking at them they went wrong. The minute 
you turned your back something went wrong; the automatic 
part failed to work;—it was not automatic; and therefore, I 
believe, the more you can put the entire machine under the con¬ 
trol of an operator the better, making it simple enough so that 
an ordinary intellect can comprehend the whole thing. We 
drive horses with two reins. We can drive a horse with one 
rein. We can drive a horse without any rein. We used to drive 
our oxen with nothing but a whip. But we find that two reins 
are better. We find it is better for a man to have a little more 
control of the animal. And I think the same is true of the 
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motor vehicle—the man ought to have full control of it at all 
times, and automatic devices are objectionable. 

In the matter of wheels—when we took up the motor vehicle 
problem, we did not wish to introduce any more talking points, 
or rather objectionable points than we could help. We found 
that the ordinary horse vehicle had wooden spokes. They had 
been used ever since Adam, so far as we knew, and were fairly 
good. We used them simply because we did not want to experi¬ 
ment with steel. I have been connected with the bicycle business 
a little bit for probably fifteen years, and we have used in that 
steel wheels almost wholly, and we find that the spokes of the 
bicycle cause more trouble than any other part, except possibly 
the pneumatic tire that came in recently, simply because metal 
does not stand constant vibration as well as something that is 
more elastic. A wooden wheel will stand more pounding over 
the road than a metal wheel. I do not care how tight you make 
jour metal spokes, they will rattle loose, unless they are protected 
by very heavy tires. So, other things being equal, you will find 
that a wooden wheel will stand up better than a metal wheel. 
We set our spokes in wooden wheels without any spread at the 
base of the spoke. In the steel wheels we of necessity spread 
the spokes out, which places them in a much more advantageous 
position than the wooden spokes, and gives them an unfair ad¬ 
vantage over the wood. If you were to put the wooden spoke in 
the same position, you would find it all right. 

As to the matter of tangential spokes for driving purposes, it 
will be found that the strain on the spoke in the direction of 
rotation, due to applying the power, is less by far than the strain 
on the spoke endwise of the axle—sidewise of the wheel, as you 
turn a corner suddenly, or slip from one side of the street to the 
other, and any wooden spoke which will stand the sidewise strain 
necessary to carry a motor properly will also stand the driving 
strain applied by the motor. So I think wooden spokes will meet 
all requirements, and that unless the public demands them, there 
is no occasion to use metal spokes. 1 do not say this because w r e 
have heretofore put out wagons with wooden spoked wheels, for 
we have built some metal wheels and they are very good ones. 
We have not had any that “tied themselves in knots” yet. We 
have had enough experience with bicycle wheels that tied them¬ 
selves in knots to avoid using steel wheels for motor wagons. 
But, personally I do not believe in the metal wheel. 

The idea of carrying a gas engine, which is a very compact 
and convenient form of motor, and with it charging a storage 
battery which should be used then to operate the motor, so as to 
get the flexibility of speed desirable, has been used to some ex¬ 
tent in street car service. A man by the name of Patton—I be¬ 
lieve he hails from Milwaukee—has taken out several patents in 
that line and used that system to some extent, I believe, without 
any great degree of success. I do^ not know whether the fault is 
with Mr. Patton or with the system. I simply mention the fact. 
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The matter of recharging is one of great interest, it seems to 
me, to the public. If you are only going for half-an-hour’s ride 
and can order up the carriage, it does not matter much what sys¬ 
tem you have, because almost any carriage will run half-an-hour 
if it is any good at all. But for private use, where a man must 
look out for that himself, it is, it seems to me, quite a question 
whether he has to put in several hundred pounds or perhaps a 
thousand pounds or so of new load, or whether he only puts in a 
few pounds. In the gasoline wagon, if it is only for half-an- 
hour or an hour’s ride, there is no occasion to change the water 
supply, because the half-hour or hour’s run in the gasoline wagon 
will not sufficiently heat up the water, to necessitate any change 
or any addition. The fuel supply for half-an-hour or an hour is 
so small you could put it into your hat. Therefore there is little 
or no work required to put a charge into the wagon and none to 
take it out, because the motor takes it out. With the electric 
vehicle, it is necessary to change the batteries and replenish with 
new batteries, or else it is necessary to attach some sort of sup¬ 
ply? anc j wait patiently. With the compressed air system of 
storage it is possible to walk up to a stop-cock, and, according to 
the popular idea, turn the cock and you are full. But with elec¬ 
tricity it cannot be done quite so quick, which is the unfortunate 
part, it seems to me, of the electric wagon—the necessity of time 
for charging. We have given some thought to the 7 electric 
wagon, but the experience of some companies which have spent 
several hundred thousand dollars in trying to adapt electric 
storage batteries to street car service has discouraged us, and our 

own experience with electricity has not been favorable to bat¬ 
teries at any rate. 


The question of steam as compared with gasoline or with elec¬ 
tricity lias seemed to us to be in favor of" the gasoline rather 
than the stearin While it is true that steam is a very flexible 
means of operating, it takes probably twice the amount of fuel 
o generate the steam, even with the Serpollet or other instan¬ 
taneous generator, than it does to get the same power with the 
gasoline engine, and that being true, the item of expense alone 
would favor the gasoline, although the expense is not worth 
much consideration m the motor vehicle. Not only must you 
ave more fuel, but you 1 must have more water, unless you have 
some form of condenser, and none of which I know are of anv 

dp^°Qp nt /° r Wag ° n s f' VTlce * In boat service we can get a con- 
denser because we have water. In wagon service we have no 

£e isZTedf ° n " h0t ^ “ SUmmer - Fw tbat ~ S 88 * 
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and that which nL! ’ that they have not been practical; 
d that which offers the greatest power with the least weight 
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would seem to-day to be the most reliable device, regardless of 
what it is. Going on that line we have stuck to the gasoline 
vehicles, because we believe they are by far lighter than either 
steam or electricity for a given power. 

Mb. Rikek:— Taking up the subject of Mr. Duryea’s first 
remark in regard to putting the motor in the body of the car¬ 
riage and not in the truck, I do not think that his judgment is 
quite sound there. I know that in electric railroads, when they 
were first proposed, the motor was placed in every conceivable 
spot. First it was put on the front platform of the car, 
and then it was put in the middle of the car, dropped 
down and slid up, and finally ended by being placed right 
straight on the axle, and that is the accepted design to-day, and 
I do not think that the electric motor builders or railway people 
would go back to putting the motor up inside the car or suspend¬ 
ing it on the running gear. They would prefer to go right 
straight down onto the axle. I know of plans proposed and used 
by some concerns in which they use a spring suspension to do 
away with jar and vibration, but that is not to save the motor as 
much as it is to save the rail joints. The pneumatic tire does 
away with a great deal of vibration, and it would seem to me 
that it was not the fault of the material or the fault of the 
mounting so much as it was that the workmanship was not as 
good as it should have been, to have vibrated that belt off in the 
manner he stated. I have known such things to happen, but I 
think it is more the exception than the rule. 

With regard to the odor which Mr. Duryea spoke about, I 
thought that was the thing we were trying to get rid of when 
we got rid of the horse—that was one of the objections to the 
horse. We want to get rid of that odor entirely. That was one 
of the features that the horseless carriage offered—that there 
were no unpleasant odors connected with it. 

As regards an automatic device or an automatic machine, I 
think Mr. Duryea has lost sight of one of the prettiest automatic 
pieces of machinery that I know of to-day, and that is the naphtha 
launch. There is an engine which when once started will run 
and take care of itself with absolutely no attention whatsoever. 
All the man has to do is simply to light the fire, turn on his 
valve and the engine will run until he wants to stop it. There 
is no need of looking at any pressure gauge or anything else. It 
is entirely automatic. Now whether such a device can be applied 
to a motor vehicle without involving a great many difficulties, I 
do not know. The fact of not having water for condensing pur¬ 
poses—there would have to be some other system used; but it 
seems to me that a system of air could be used similar to the 
condensers that are being proposed now and are used for electric 
lighting stations. The question to my mind is simply in regard 
to the electric vehicle being a success, as I mentioned to-night in 
opening this discussion, that the battery .was responsible for all 
the trouble of the electric vehicle, and I think the battery people 
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ought to take the subject up seriously and not treat it as a sort of 
joke. The storage battery of to-day is not constructed for trac¬ 
tion work. It is all very nice when you stand it down in the 
cellar and light your house or run a large central station, or put 
it on shipboard, but for traction purposes the type of cell has got 
to be radically changed. 

One of the points Mr. Duryea made was the length of time 
required to change or charge the storage battery carriage. The 
time required to change batteries in an electric carriage is about 
a minute. The batteries slide in on racks, making connections 
by the simple closing of a switch, and I cannot see any very 
great objection to that. But I am very greatly interested in some 
tests now ; in fact I made a test to-day on something that looked 
very promising in the storage battery line. We charged the cell 
up in three and a half hours at a very high rate, and we dis¬ 
charged that same cell in about two hours and three-quarters 
with an efficiency of about 65 per cent. This cell, it seems to me, 
can be so arranged that it will last indefinitely. It is simply a 
question of the conductor in the positive plate wearing out; and 
a new one can be substituted. In fact we know that the active 
material in a storage battery lasts forever. It is just simply that 
the material becomes loosened from the support plate and falls 
down into the cell, and I believe abroad they propose picking 
that material up and putting it back again, and I can see no 
reason why this cannot be done in a battery for electric vehicles. 

Another point that has to be brought up in all these things is 
what we are going to get for the carriages after we build them. 
In going over these different subjects we find, so far as we can 
determine now, that the electric vehicle is the cheapest vehicle 
to construct, and as the President remarked to-night, 30 to 35 
miles is a good range for any vehicle. In fact I believe the large 
department stores in New York City figure on 25 miles as a day’s 
trip for their delivery wagons. That is the greatest number of 
miles that they run, and it would seem that such a system as they 
use might furnish the best data that we could gather on the 
subject of what the length of a run would necessarily be. In all 
probability no private person is going to use a carriage that.he 
wants to run over 20 or 25 miles a day. The question of running 
further is simply a question of putting oh some more batteries or 
making the carriage into a sort of railway train. I think the 
generally accepted practice is when anybody wants to go in this 
country over 25 or 30 miles they get on board a train, and they 
take an express train at that. When they go out for a drive they 
do not go that number of miles. 

I think that the electric carriage to-day seems to have a brighter 
future than any of the others for its use, and that is for a light 
pleasure vehicle. Probably for heavy omnibuses and large deliv- 
ery wagons something of the description of steam or some vapor 
or probably petroleum engines will be used ; but I think for a 
pleasure vehicle the electric carriage is the coming machine. 
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~M.it. Duryea :—This is a progressive age. One vehicle in par- 
ixilar that we can point to has'gained its popularity by its speed 
3 re than anything else. That is the bicycle. People go out 
ling on bicycles for pleasure, and ride as far as 100 or even 
3re miles in a day. So lhaha man who expects to get pleasure 
driving only at the rate of 25 miles a day is certainly very 
>w in his requirements. We find that men pay high prices for 
at horses. Why? Simply because they can drive a good dis- 
nce in a little less time than the other fellow, or because they 
n. drive further than other men. The same with motor ve- 
eles. If we are going to build vehicles that people will be 
1 ling to pay for, they must be capable not only of high speed 
Lt of continued high speed. A vehicle that would not cover 
miles in at least half a day I would not consider worth put- 
lg out as a motor vehicle, because I w r ould not deem it greatly 
advance of the horse. I myself have driven 50 or 60 miles 
en with a single horse, to a light buggy, in a day, without 
.imaging the horse, and when a man has driven that distance 
■er a rough country, he is usually anxious to finish the last part 
the journey pretty quick. We have frequently finished 50 
Lies in an afternoon and had some time to spare, in motor 
ilnicles on New England roads. The exhilaration of coasting 
>vra one of those hills at 20 or 25 miles an hour is second only 
coasting it on a bicycle or coasting it in winter on a sled. And 
at is where the price for motor vehicles is to come in—the fact 
at we can have a great deal higher speed than with the horse. 
:ie reason why civilization is displacing the horse is because the 
>rse is too slow. The reason why the horse displaced the ox, a 
-w generations back, was because the ox was too slow. So if 
b are to build motor vehicles to take the place, of the horse, 
ey must be faster than the horse; and the fact that a vehicle 
ill travel 25 miles on a business trip is no proof that the motor 
ust not do more. If it does more, the people will take it and 
ty more for it. That is the way the speed problem looks to me. 
In the matter of charging, we work a horse for half a day. If 
vehicle will not stand half a day’s work without charging 
:ain" then it is not properly equipped for capacity. The time 
charging must not be confounded with the time of changing 
itteries. It is one thing to take them finally back to the start¬ 
le point and be able to slip in another set of batteries. It is 
l entirely different thing to be half a day away from home and 
ish to be back, and the only thing available a Western Union 
legraph wire or perhaps some private battery stored around 
►mewhere. 

Those considerations have presented themselves to us when- 
7 gy we have turned our attention towards electric wagons, and 
Lerefore we have preferred to use a vehicle which we could load 
p with ordinary stove gasoline, which could be had at most 
*ocery or stove stores, or on a pinch run home on kerosene. 
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Our vehicles will go on kerosene if it is necessary to do so. We 
think that is quite an advantage in favor of the gasoline vehicle. 

I have never used the naphtha launch itself; hut 1 have used 
several varieties of launches having automatic steam engines, 
which, so far as I know, are just as reliable and just as automatic 
as an engine using some other liquid as a source of heat. 

Secretary Pope (in the Chair):—The question of delivering 
and transporting merchandise in our cities, is one of great import¬ 
ance, because we all know, or should know, that it is the most 
expensive part of the freight traffic to-day. When the Singer 
Sewing Machine Company moved their factory from New York 
City to Elizabeth, where they had means of direct shipment from 
the’factory, loading machines directly on the cars, it was found 
that they could place them in Chicago, in bulk in the ears, for 
what it cost to put them on the wharf in New York ready for 
shipment, because they dispensed with boxing and the cost of 
cartage to the train, and we all know that the cost of cartage is 
of greater importance than the cost of freight, much as we growl 
about the latter. W e are also approaching the question of indi¬ 
vidual passenger transportation. We find that what is wanted 
to-day in our cities, in order to give the best facilities for trans¬ 
portation,^ to provide exclusive privileges for bicycles on certain 
streets, and storage for them where the people work or where 
they lodge. Then each individual may be independent, a large 
part of the year, of all other kinds of transportation; and conse¬ 
quently, his' own ability to go, as Mr. Duryea has said, a hundred 
miles a day, would be certainly one of the satisfactions of owning 
a machine of that capacity, even if a person did not wish to use it 
to that extent. It is the ability to do a thing of that kind if it 
becomes necessary, that is satisfactory; not that you wish to go a 
hundred miles every day, but that you have a machine with 
which you can go a hundred, or a hundred and fifty miles if nec¬ 
essary. Therefore the machine ought to have that margin in 
order to meet the demands of the present day. 

In regard to getting supplies of kerosene at every point—that 
is what we hope for in respect to electricity one of these djys— 
that its use will become so universal that wherever we may be, 
we may have electrical facilities, or current for charging storage 
batteries. One of the drawbacks to the use of electric heating 
and electric motors for a great many purposes, is the lack of 
opportunity for obtaining current in.a great many cases. We 
can see to-day, from the example that is being set at Niagara, and 
which now obtains at one or two points in the.west, notably.at 
Great Falls, Montana, how universal the application of electricity 
becomes when we have the facilities for obtaining it at every 
point in the city. This will be the case—how soon., of course, is 
visionary. But we all realize in metropolitan life how much 
depends upon the convenience of all these improvements that are 
being brought to our attention. 

[Adjourned.] 
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The 113th meeting of the Institute was held this date at 12 
West 31st Street, and was called to order by President Duncan 
at 8.20 p. m. 

The Secretary read the following names of associate members 
elected and transferred at the meeting of the Executive Com¬ 
mittee in the afternoon: 

Name. Address. Endorsed by. 

Brown, Albert W. Assistant Manager of Telephone Harris J. Ryan. 

Exchange, American Telephone Fred’k Bedell, 
and Telegraph Co., 39 Cortlandt Ernest Merritt. 
St., residence, 27 W. 24th St., 

New York City. 

Dinkey, Alya C. Supt. Electric Dept., Homestead Edw. G-. Waters. 

Steel Works, MunhalL Pa. Ellicott Maccoun. 

H. A. Poster. 

Frankenfield, Budd Instructor in Electrical Engineer- D. C. Jackson. 

ing, The University of Wis- P. R. Jones, 

consin; residence, 640 State St., John E. Davies. 
Madison, Wis. 

Ripley, Wm. Howe Student, in Dept, of Electrical Ralph W. Pope. 

Engineering, Columbia Uuiver- F. B. Crocker, 

sity; residence, 605 Lexington W. H. Freedman. 

Ave., New York City, 

Rosa, Edward B. Professor of Physics, Wesleyan H. A. Rowland. 

University, Middletown, Conn. Louis Duncan. 

Hermann S. Hering 

Van Deventer, Christopher Student, Columbia Univer- F. B. Crocker, 

sity; residence, 626 Lexington W. H. Freedman. 

Ave., New York City. Geo. F. Sever. 

Woodworth, Geo. K. Electrician, Crawford Mfg. Co., Harris J. Ryan. 

Hagerstown, Md. Edw. L. Nichols. 

Fred’k Bedell. 


Total 7. 
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TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP. 

Approved by Board of Examiners, Dec. 29th, 1896. 

Dawson, Philip. Associate and Chief Engineer with R. W. Blackwell, 

39 Victoria St., Westminster, London, England. 

Gibbs, Lucius T. Manager and Chief Engineer, Gibbs Electric Co., 

Milwaukee, Wis. 

Sprague, Frank J. Vice-President, Sprague Electric Elevator Co., 253- 

Broadway, N. Y. 

Leslie, Edward Andrew Vice-President and Manager, Manhattan Electric 

Light Co., Ltd., New York City. 

Total 4. 

The President :—The paper this evening, gentlemen, will be 
by Mr. Howell, entitled “The Conductivity of Incandescent. 
Carbon Filaments, and of the Space Surrounding Them.” 

Mr. Howell read the following paper : 



-AL paper presented at the 113th Meeting of the Ameri¬ 
can Institute of Electrical Engi neers , New York , 
February ijih. President Duncan in the Chair , 
and Chicago , Febrtiary 24th , 


CONDUCTIVITY OF INCANDESCENT CAEBON 
FILAMENTS, AND OF THE SPACE 
SUEEOUNDIJSt G THEM. 


BY JOHN W. HOWELL. 


The first part of this paper, which relates to the conductivity 
of carbon filaments, is in the nature of a discussion of a paper 
read before the Institute by Prof. Anthony, at the May meet¬ 
ing in 1887. 

Prof. Anthony spoke of a change from negative to positive of 
the temperature coefficient of some carbon filaments which he 



Lad observed. He illustrated the change by a figure, which I 
Tvill reproduce here for reference. (Fig. 1.) 

Prof. Anthony stated that this change did not occur in all fila¬ 
ments, and that he was unable to explain the circumstances 
under which it did occur. 

Prof. Elihu Thomson, in his discussion of Prof. Anthony’s 
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paper, said that he had observed the same phenomenon, but had 
not investigated it sufficiently to explain its cause. 

About four years ago an inventor offered to the General Elec¬ 
tric Company a method of coating carbon filaments with metal, 
claiming thereby a very great improvement in the performance 
of the filaments. The metallic coating was applied by heating 
the filament to high incandescence in the presence of the vapor, 
which was obtained from a very thick dark colored liquid, the 
application being made by the same means as is employed in the 
-ordinary hydrocarbon flashing process. The proof which he gave 
that his filaments had a metallic coating was the fact that the 
resistance of these filaments was lower at about red heat than it 


was at higher temperatures. 

In order to test his assertions, I treated a number of filaments 
with his dark liquid, and, for a comparison, treated in exactly the 
same manner a number of similar filaments, using ordinary gas¬ 
oline. To the surprise of both of us, the gasoline filaments 
-showed the same rise in resistance, after passing the dull red tem¬ 
perature, as was shown by the filaments supposed to have a metal 
coating. This fact led me to investigate this phenomenon. 

I had previously made resistance curves of a great many 
Edison lamps, which had filaments made without hydrocarbon 
Hashing, and I knew that the filaments of all these lamps con¬ 
tinued to fall in resistance to the highest temperature which they 
would stand. As we had very recently adopted the hydrocarbon 
treatment upon our filaments, I associated the change in the 
resistance curve with treated filaments. The filaments which I 
have previously described as having the reverse curve, were quite 
heavily treated. I now made a set of ten lamps with various 
.amounts of treatment, all made from similar base filaments. 
These lamps had filaments the resistances of which, when cold, 
were 90, 80, 70, 60, 50, 40, 30, 20 and 10 per cent, of the cold 
resistance of the original base. 

I found upon plotting the curves of these filaments, that the 
untreated filament fell in resistance as it was made hotter, and 
that this fall continued to the highest temperature at which I 
•dared run it. 

The slightly treated filament fell in resistance more rapidly 
than the untreated filament at first, and less rapidly as the high 
temperatures were reached, its curve finally rising above that of 
the untreated filament. As the amount of treatment is increased, 
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the curve falls more and more rapidly at first, and less rapidly at 
the higher temperatures. When we reach the filament treated 
to 50 per cent., we find that it falls rapidly to about 50 per cent, 
of its cold resistance, and remains practically constant at higher 
temperatures. The curves of filaments treated to less than 50 per 
cent, all rise after reaching their lowest point, which is reached 
at about 50 per cent, of their three watts per candle voltage. 

These curves show the changes in resistance of these filaments. 
The ordinates are percentages of the cold resistances of the vari¬ 
ous filaments, so that all curves start from the 100 per cent, 
mark. The abscissse are percentages of the voltages at which 
the various lamps take three watts per candle. The bottom 
curve on this sheet illustrates the resistance curve of a carbon 
filament which had been treated to about one per cent, of its 
original resistance. This made a filament which was nearly all 
treatment. This curve shows an increase in resistance from its 
lowest point to the last point obtained, of about 25 per cent. 

This lamp was measured at the Edison Laboratory by Mr. 
Kennedy and myself. The readings were very carefully taken 
upon very sensitive instruments, and there can be no doubt as to 
the accuracy of the curve, as it agreed very well with the meas¬ 
urements I had previously made upon the same filaments. These 
curves can be obtained a good many times from the same fila¬ 
ments, so there is no permanent change in the filaments which in 
any way accounts for the rise in resistance. The cold resistances 
of the filaments, after being measured, were found to be the 
same as before any measurements were made. 

These same ten carbons were taken from the lamps and put 
into a baking oven, the temperature of which could be regulated 
very nicely by an electric heater. These filaments were heated 
to about 500 degrees Fahr., the temperature being measured by 
two mercury thermometers. The resistance curves obtained in 
this way are shown on the upper part of the sheet, and agree 
quite well in character with the resistance curves obtained by 
measuring the volts and amperes of the lamps, so there is no 
doubt that the changes in resistance are due to temperature, and 
to nothing else. 

O 

I then obtained untreated base filaments from as many kinds 
of amorphous carbon as I could obtain, and plotted their resist¬ 
ance curves. 

I tried filaments made of bamboo, silk, cotton, cellulose (made 
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’by the ordinary squirt process), tamadine, and paper. All of these 
base carbons gave the same curve, and all of them continued to 
fall in resistance as long as I was able safely to increase the tem¬ 
perature. 

These carbons were quite different in their physical character¬ 
istics. The silk filaments were the most porous, and had the 
roughest and the best heat radiating surface, while the tamadine 
filaments were very dense and had a very highly lustrous surface. 

I was entirely unable for a long time, after making these 
curves, to come to a satisfactory theory regarding them. The 
reverse curve is not caused by changes in the characters of the 
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surfaces of the carbons, due to emissivitv, because no correspond¬ 
ing changes in emissivity occur. 

I made observations upon untreated and heavily treated fila¬ 
ments, to see if they acted differently in regard to their expansion 
with heat, thinking that possibly the changes in the resistance 
curve may have been caused by a change in the expansion curve 
with temperature. These observations were not very refined, 
being simply observations made by means of a telescope, hut they 
showed clearly that all of the carbons expanded with heat, and 
apparently there was no difference in this respect. 
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It lias been the custom for some time to speak of the carbon 
which is obtained by the treating process as graphite carbon, and 
knowing that Mr. Edison had, in 1881, made some filaments of 
graphite, by pressing the pure graphite under very great pres¬ 
sure into the form of loops, I was very anxious to obtain a lamp 
containing one of these filaments, to see whether it would have 
the same resistance curve as the other forms of untreated carbon. 
I have very recently obtained one of these lamps from Prof. 
Barker, of the University of Pennsylvania, and upon plotting its 
resistance curve I was very much pleased to find that it had the 
same characteristics as the heavily treated filament. It reached 
its minimum resistance at a dull red heat, and from this point, as 
the temperature was increased, the resistance increased also. This 




curve is marked a upon the sheet on which the other curves are 
plotted. 

It will be observed that the resistance curve of this filament 
does not fall as much as the other curves, and rises much more. 
This may be due to the different natures of the two kinds of 
graphite, or to structural differences. The top of the loop of the 
graphite filament got much hotter than the rest of it; this would 
cause this part to start rising before the rest had ceased falling in 
resistance, and this may account to some extent for the less total 
fall in resistance of this filament. The resistance of this filament, 
after the measurements had been made, was just the same as 
before they were made. This indicates quite clearly that our 
calling the treated carbon “graphitic ” is correct, and that the 
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change in the resistance curve of treated filaments is due to the 
graphitic nature of the layer of carbon which is put on during 
the treating process. 

The graphite filament lamp referred to is shown in Fig. 3. 

The second part of this paper, which relates to the conductivity 
of the vacuous space surrounding incandescent filaments, may be 
considered as a discussion of the paper upon the “Edison Effect” 
in incandescent lamps, which was read before the Institute by 
Professor Houston, in October, 18S4, and which was the first 


paper read before this society. 

“Edison Effect” is the name given to the effect produced by 
those currents, first observed by Mr. Edison, which pass from one 
leg of an incandescent filament across the vacuous space to the 
other leg, and which can be observed by connecting a galvanome¬ 
ter between the positive lamp terminal and a wire sealed into the 
bulb and projecting into the vacuous space. 

Figure 4, which is taken from Professor Houston’s paper, 


serves to illustrate Mr. Edison’s original experiment. The gal¬ 


vanometer indicates a current flowing from the positive lamp 


terminal through the galvanometer and third lamp wire, and 


through the vacuous space to the negative leg of the incandescent 
filament. If the external connection of the galvanometer be 


changed from the positive terminal to the negative terminal, no 
current will flow through the galvanometer. This effect can be 
observed in the most highly exhausted lamps. A lamp so highly 
exhausted that it shows no glow when tested with an induction 
coil, giving a spark f" long, will allow a current sufficiently large 
to show plainly on a not very sensitive galvanometer, to pass 
through its vacuous space. This current increases as the temper¬ 
ature of the filament is increased, but in a well exhausted lamp is 


never greater than a very few milliamperes, when the lamp is 
burned at about 2£ watts per candle. 

In 1884 Mr. Preece secured from Mr. Edison some lamps hav¬ 
ing wires sealed into the bulbs, and read a paper before the Eoyal 
Society describing some experiments made upon them, illus¬ 
trating the “Edison Effect.” 

Professor Fleming read a most elaborate paper before the Physi¬ 
cal Society of London, in March, 1896, upon this same subject. 
Professor Fleming’s experiments proved that in well exhausted 
lamps the vacuum is not a conductor in the ordinary sense of the 
word, and that the current which passes through it is carried by 
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negatively charged molecules, whieli pass constantly from the 
negative leg of the incandescent filament to the positive leg and 
to any inserted wire, thus bringing the inserted wire to the same 
potential as the negative leg. Professor Fleming also proved 
that these molecules pass in straight lines, and that their passage 
is completely or almost completely stopped by a glass or mica 
screen placed between the negative leg and the inserted wire. 
The following experiments serve to illustrate tin sc effects: 

Figure f> shows a lamp having a glass tube surrounding one 
leg of the filament, and a wire sealed in the side of the bulb, 
which projects into the centre of the vacuous space. When the 
leo-of the filament which is in the glass tube is made positive, 
and the filament heated to about a iff watts-per-eandle tempera¬ 
ture, the galvanometer, which is connected between the wire and 
the positive lamp terminal, shows a strong deflection, but when 
the leg in the tube is made negative, the galvanometer, being as 



before connected between the wire and the positive lump termi¬ 
nal, shows no deflection. 

Figure (i shows a lamp having a platinum plate ;" long and 
I' 7 wide between the legs of tins filaments, and a wire inserted in 
the vacuous space. I also used lamps having a similar plate made 
of glass, similarly placed. In both of these lamps, when tins 
vacuum was high, no current was produced bet ween the wire and 
the positive terminal when the wire, was shielded from the. nega¬ 
tive leg; hut shielding the wire from the positive leg made no 
hindrance to the passage of the. current. The tacts that no cur¬ 
rent flows when the galvanometer is connected between the neg¬ 
ative terminal of the lamp and the inserted wire, and that a shield 
between the positive leg and the inserted wire has no effect upon 
the current, show that positively charged molecules are. not 
emitted by the positive leg; while the screen effects just do- 
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scribed show that the negatively charged molecules pass in 
straight lines. 

The facts, then, are these: The galvanometer indicates a cur¬ 
rent flowing, as we designate the direction of currents, from the 
wire to the negative leg; while experiments prove that the 
charged molecules which carry the current actually pass from the 
negative leg to the wire. These facts are entirely in accord with 
the results obtained by Crookes and others in their investigations 
of currents in high vacua. 

If an alternating current is used to render the filament incan¬ 
descent, the galvanometer will indicate a current with the con¬ 
nection made to either lamp terminal, because both are equally 
positive. The current thus produced is a uni-directional one in 
the galvanometer, and illustrates very well the uni-lateral con¬ 
ductivity between the incandescent filament and the wire. 

Mr. Preece states in his paper that lamps which show a blue 
glow in the vacuous space give stronger u Edison Effects” than 
those which do not show it. Professor Fleming also observes 
that poorly exhausted lamps give slightly greater effects, but 
neither of them paid much attention to these lamps. 

The blue glow in lamps has long been associated in my mind 
with a condition of the vacuum which makes it a conductor. 
Lamps in the process of exhaustion, just before the vacuum is 
perfected, show this blue very plainly, if a little more than 
normal current is sent through the filament. The blue increases 
as the current is increased and becomes very dense at very high 
temperatures. This blue indicates a current passing from one 
leg of the filament across the vacuous space to the other leg. 

I observed several years ago, that at a high temperature .04 
or .05 of an ampere more current flowed through a lamp show¬ 
ing a good blue than through the same lamp, at the same volt¬ 
age, when the blue had disappeared. I concluded that this extra 
current flowed through the vacuous space between the legs of 
the filament. 

If a direct current about 20 or 30 per cent, greater than the 
normal current be passed through a lamp filament when the vac¬ 
uous space shows a blue glow, the positive joint between the fila¬ 
ment and the platinum wire gets red hot, while the negative 
joint remains cool. 

I have always considered this as proof that the resistance to 
the passage of a current through a vacuous space was chiefly at 
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tire surface of tire positive electrode, as the energy was chiefly 
developed there. If an alternating current is used, both joints 
get equally hot. 

If a lamp be burned at normal incandescence with a direct 
■current, when the vacuous space shows a good deal of this blue, 
the negative leg of tire filament becomes coated with a carbon 
soot. This effect can be obtained in a few minutes if the blue is 
dense and the filament is run above a normal incandescence. 
This I have considered to be due to an electrolysis of a hydro¬ 
carbon gas in the lamp. 

The lamps which show only a slight amount of this blue glow, 
if burned at normal incandescence, will not show this carbon soot 
perceptibly, and the blue will entirely disappear if the lamp is 
burned for a few hours. This blue is caused more by the charac¬ 





ter of the residual gas than by the degree of exhaustion. Lamps 
having a residual of bromine vapor do not show it at all, neither 
do they show any “ Edison Effect.” I have seen ordinary lamps 
ready to be sealed off the pumps which showed blue and then 
no blue, and blue again, at regular intervals of a few seconds. 
Such lamps show corresponding changes in the “ Edison Effect.” 

If the current be gradually increased in a lamp which shows 
good blue, the positive joint will get hotter and hotter and finally 
its platinum wire will fuse. At this stage the resistance to 
the flow of current across the vacuous space is not great, and if 
the conditions are such that at this time all the resistance in cir¬ 
cuit with the lamp has been cut out, so that the current flowing 
will be practically determined by the resistance of the lamp and 
the leads, enough current will flow through the vacuous space to 
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fuse the platinum wires, which are sealed in the glass. This 
fusion is not due to the same cause as the fusion of the positive 
joint wire by the vacuum current, because it fuses both positive 
and negative wires, while the vacuum current fuses only the 
positive. This fusion of both wires is due to the fact that the 
low resistance of the vacuous space allows more current, to pass 
than the platinum wire can carry. This is further demonstrated 
by the fact that a 10-ampere fuse in the circuit will often blow 
when this happens. 

In order to measure the currents which pass from one leg of 
the filament to the other across the vacuous space, I measured 
the current at a given voltage of a number of lamps; first when 
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the lamps showed a good dense blue, before they were well ex¬ 
hausted, and again after the same lamps were well exhausted 
and showed no blue. Home 55-volt ^4- o. i\ lamps showed .4 of 
an, ampere more on the first raiding than on the second. All of 
this .4 of an ampere must have passed through the vacuous 
space, for the resistance of the filament remained practically un¬ 
changed or became a little lower during the operation. 

I also measured the currents which passed across the vacuous 
a pace, when these currents were large enough to fuse the joint 
wire, and also when they were largo enough to fuse both plat¬ 
inum leading-in wires. I found that from one to five amperes 
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passed across the vacuous spare when the positive joint wire only 
was fused, and that when both wires leading through the glass 
were expande<i so by the heat of tin* current that the glass was 
shattered, the current measured from 10 amperes to more than 
gf> amperes. 

In order to measure the instantaneous current which shattered 
the if lass, I raised the hand of the ammeter to successively higher 
points, to find the. mark at which tin* current would just raise 
the pointer. I used an ammeter measuring It A amperes, and 
when the pointin’ was raised to the gf> ampere mark the eurnuit 
through the vaeuous space caused it to jump beyond this mark. 

Figures 7 and S show stems of lamps exhibiting the effects of 
currents of from one to go amperes passing through the wires 
and the vacuous space. Tin* glass about tin* wires shows the 
fusing’ effect of the current, and the fracture of the glass shows 
the effect of the expansion of tin* wires by the heating effect of 
the current. The undisturbed condition of tin* glass between 
tin* two leading-in wires shows that tin* current did not pass 
across the glass, hut must have passed through the vacuous 
space. (Gradations of current from one to go amperes, used in 
this experiment, were obtained by regulating the amount of re¬ 
sistance in tin* circuit when the experiments were made. I ’nless 
some resistance had been left in tin* circuit, ail of these lamps 
would have shown currents as high as go amperes or thereabouts, 
because the conductivity of the vacuous space increases very rap 
idly when the effect is great enough to start the fusion of the 


wires. 


The lamp shown in Figure U illustrates the fact that the heat 
produced at the positive joints hy the^Kdisoii Kifect M current 
is not simply tin* result of a mechanical bombardment, "rids 
lamp was exhausted to show a good blue. The temperature of 
the filament, was raised sufficiently to cause vacuum currents 
large enough to heat the positive joint red hot. The outer end 
of the middle wire was then connected to the positive lamp ter¬ 
minal. When this was done the positive joint became cool and 
the middle win* got red hot. This was repeated several times. 
The middle wire got hot enough to fuse the end, which was 
platinum. This indicates that most of the heat, is caused hy the 
charged molecules coming in contact with some conductor which 
will carry away their charge. The current, was not measured in 
this experiment. 
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Figure 10 shows the lamp used in a similar experiment. The 
middle wire carried a copper plate about 1" long and wide. 
This lamp was exhausted to show a good blue. An ammeter 
was connected between the middle wire and the positive lamp 
terminal. As the current was gradually raised, the vacuum cur¬ 
rent heated the copper plate until it was fused, as shown in the 
figure. The ammeter in this case indicated over five amperes 
flowing through the vacuous space between the negative leg of 
the filament and the copper plate. 

I next tried a series of experiments to determine whether the 
current which passes through the vacuous space when the blue 
glow is present w^as the effect of charged molecules, moving in 
straight lines only, from the negative leg, or whether this current 
would pass around a screen. If a blue glow should appear in 
lamps with a shield between the legs of the incandescent fila¬ 
ment, it would be an indication that the charged molecules under 



Fig. 9. 



Fig. 10. 



these conditions could carry a current between the two legs in 
other than straight lines, and if the positive joint should get red 
hot in such a lamp it would indicate that the charged molecules 
pass around an obstacle quite freely. For this experiment I 
used a lamp with a glass plate 2£" long and wide between 
the legs of the incandescent filament. It was necessary to raise 
the filament in this lamp to a very high temperature before the 
blue appeared, and then instead of appearing gradually, as it 
does in ordinary lamps, it appeared suddenly and in great abund¬ 
ance and the positive joint got red hot, so that it was necessary 
to reduce the temperature of the filament to prevent the fusion 
of the joint wire. As the temperature was reduced, the blue 
gradually decreased, as it does in ordinary lamps. 

'When the temperature was so reduced that very little blue 
was visible, the blue would increase gradually again if the tem- 
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perature was increased. When the circuit was broken, the fila¬ 
ment, had to be again raised to the high temperature before the 
blue again appeared. In this lamp the blue appeared at 136 
volts, and remained when the pressure was reduced to 109 volts, 
but would disappear between 109 and 101 volts. 

My next experiment was with a lamp (shown in Fig. 11) hav¬ 
ing a platinum screen between the legs of the filament and a 
platinum wire sealed in the side of the bulb and projecting in 
the vacuous space, with its end bent so as to run parallel with 
one leg of the filament for about 1 " between the filament and 
the platinum plate. When this filament was heated to about a 
2^-watts-per-candle temperature,' the vacuum current did not 
pass around the screen and no blue showed in the vacuous space. 
That leg of the filament being negative which was on the same 
side of the screen as the wire which was sealed into the bulb, I 
connected the galvanometer between this wire and the positive 
lamp terminal. The galvanometer showed a strong current. On 
breaking the galvanometer circuit, blue appeared on the positive 
joint and in the bulb. 'I repeated this several times. It occurred 
when the temperature was considerably below the temperature 
necessary to start the blue around the screen. 

In each case, connecting the galvanometer between the wire 
and the positive terminal would cause blue to appear about the 
inserted wire and the negative leg, and breaking the galva¬ 
nometer circuit would cause blue to appear on the positive joint, 
and in the vacuous space about the positive joint, and about the 
negative leg of the filament. 

With this same lamp I observed that when the filament was at 
a temperature not sufficient to start the blue, if I touched the 
positive terminal with one finger, and the inserted wire with the 
other, the blue immediately appeared in the vacuous space about 
the positive joint and the negative leg of the filament. 

These experiments demonstrate that in lamps exhausted so as 
to show a good blue, the charged molecules have some difficulty 
in starting their passage from one leg to another around an 
obstacle, but maintain their passage after it has been once estab¬ 
lished. Also, that their passage around an obstacle is easily 
established by starting a flow of charged molecules from the 
negative leg through a small unobstructed part of the vacuous 
space, to an inserted wire which is connected to the positive 
terminal, and then breaking the positive terminal connection. 



40 


HOWELL ON CARBON FILAMENTS . 


[Feb. 17, 


To determine how large a current could be made to flow around 
an obstruction in lamps exhausted to show a good blue, I used a 
lamp shown in Fig. 12, having a glass tube about the negative 
leg, and the wire sealed in the side of the bulb, running parallel 
with the positive leg for about 1". I connected an ammeter 
between the inserted wire and the positive lamp terminal, and 
raised the temperature of the filament until a dense blue ap¬ 
peared in the vacuous space, and about the wire and the end of 
the glass tube. The temperature of the filament was raised until 
the vacuum current fused the platinum wire which was sealed 
into the bulb. When this occured, the ammeter indicated am¬ 
peres, and remained at this reading one or two seconds. 

Any of the lamps in which the condition of the vacuum is just 
right, showing the blue glow, will show a current in a galvanometer 
connected between the wire inserted in the vacuous space, and 
the negative lamp terminal, but in all cases this current is small. 
One-half milliampere is the largest current I have observed under 
these conditions. 

1 next tried some experiments with lamps like the one shown 
in Fig. 13, which has two wires sealed in opposite sides of the 
bulb, which project inward to a point near the filament about 

above the joints. This lamp was exhausted to show a good 
blue. The galvanometer was connected between the wires which 
were sealed in opposite points of the bulb. No current was in¬ 
dicated until the temperature of the filament was raised quite 
high, and the blue glow was quite intense. 

Under these conditions the galvanometer indicated a current 
of .1 milliampere. 

I have made experiments upon two lamps containing bromine 
vapor. One of these lamps which contained bromine enough to 
depress the barometric column ^ ", showed no “Edison Effect’’ 
when the potential was run up as high as 170 volts, using a 110- 
volt lamp. 

The second lamp had very much less bromine vapor in it, and 
showed a very slight “Edison Effect.” This lamp acted very 
peculiarly. When first tried it gave an “ Edison Effect ” which 
changed very little in value between 105 and 146 volts. At 120 
volts, the vacuum current showed a deflection of the galvanometer 
of 14 scale divisions, while at 128 volts it showed a deflection of 
only 12 scale divisions. I observed this several times. This was 
quite a large reverse change, as the current at 146 volts only in- 
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creased enough to give a deflection of the galvanometer of 16 
.scale divisions. This change was observed on several days, but 
it was less marked each time it was tried, until it finally disap¬ 
peared. 

The question naturally arises, what causes the blue glow in the 
vacuous space ? The glow is luminous, and luminosity can only 
come from matter; consequently we conclude that the vacuous 
space, when blue shows, is filled with luminous molecules, and 
as these molecules are not of themselves luminous, we must seek 
for the cause of their luminosity. 

We have seen that the negatively charged molecules liberate 
•considerable energy on coming in contact with a body that con¬ 
veys away their charge. We have also seen that when the blue 
glow is present there is a considerable flow of charged molecules 
through the vacuous space, and that the naturally rectilineal 
movements of these molecules are disturbed. 

We also know that molecules are emitted from the positive 
leg about as plentifully as from the negative leg, although these 
molecules do not carry a positive charge. 

The conclusion seems to be that the blue glow is a manifesta¬ 
tion of the energy developed by the meeting of the charged 
molecules with other molecules which take away part or all of 
their charge. 

Well exhausted incandescent lamps which have burned a long 
time show a black deposit on the inner surface of the bulb. In 
lamps with thick, stiff, single-loop filaments, in which the two 
legs lie in the same plane, a light line may be observed in the 
black deposit, which is caused by the shielding of this line by 
•one leg, from the molecules emitted by the other leg. This line 
shows with about equal clearness opposite both legs, indicating 
that carbon molecules are constantly emitted from both legs, 
equally and in straight lines. 

In lamps which have been imperfectly exhausted, the black 
deposit sometimes appears in patches, symmetrically placed with 
reference to the carbon. I regard these figured discolorations 
.as indications of disturbances in the rectilineal paths of the mole¬ 
cules, and of the influence of the magnetic field ujon the dis¬ 
turbed molecules. 

The activity of the molecules carrying current across the vac¬ 
uous space seems to depend more on the temperature of the filament 
than on the potential difference between the legs, 40-volt lamps 
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showing about as strong effects as 140-volt lamps. The energy 
they exhibit in one direction seems to be very much greater than 
we would expect from molecules actuated by a potential differ¬ 
ence of only 40 or 50 volts. The action of these molecules in 
carrying electricity in one direction onl} T , may be an indication 
of the nature of the action between molecules in solid conduct¬ 
ors carrying currents, rather than an illustration of the action of 
statically charged molecules. 

Discussion. 

Mr. John W. Howell :—After I had written this paper, I 
broke the lamp having the graphite tilament and took a part 
of the filament out, and measured its specific resistance. Its 
specific resistance (the resistance of a piece one inch long and 
one circular mil area) was 450' ; ohms. The lowest specific resist¬ 
ance 1 have ever measured of amorphous carbon is about 2200 
ohms. The treatment obtained by hydrocarbon deposit is about 
350 ohms, which is about six or seven times as low; and this 
graphite lamp was 450 ohms, which was very nearly the figure 
of the carbon obtained by treatment, and I think if it had been 
a more solid graphite it would have been lower. I can also say 
that the specific gravity of graphite is practically the same as the 
specific gravity of the carbon obtained by hydrocarbon deposit. 

The President:— How was that filament made? 

Mr. Howell: —It was simply made by making a die, filling 
it with graphite and solidifying it under great pressure—so great 
pressure that it made a solid graphite filament of it. 

Dr. A. E. Kennelly :—I believe that I voice the general sen¬ 
timent in saying that this is a very interesting paper, both by 
reason of what it contains of investigation and by reason of what 
it suggests for further inquiry. 

I remember having taken part in the measurements of resist¬ 
ance in the lamp filament referred to. I believe that the theory 
given in this paper was suggested at that time for the apparently 
abnormal behavior of its resistances, but the additional evidence 
was not then forthcoming which enables Mr. Howell to make so 
strong a case for that theory in this paper. 

It is perhaps no more surprising that graphite should, differ 
markedly from ordinary carbon in its temperature co-efficient of 
resistivity, than that diamond should differ markedly from ordi¬ 
nary carbon in its hardness. 

Incidentally it is curious to observe from the curves in the 
paper that approximately five per cent, of the voltage needed to 
produce an inefficiency of three watts per candle, raised the tem¬ 
perature of the filaments experimented on to 500° F.,. or 260° C. 

Jt has long been known that the passage of a continuous cur¬ 
rent through a Geissler tube set up a series of pulsatory currents 
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or discharges, which are capable of producing alternating cur¬ 
rents in a separate circuit, through the intermediary of an alter¬ 
nating current transformer. So far as I know, however, it has 
been pointed out for the first time in this paper, that an alter¬ 
nating current passed through an incandescent lamp giving the 
u Edison Effect” is capable of producing in a branch circuit 
through a third wire in a lamp, continuous or at least undirec- 
tional currents. Consequently it is interesting to observe that a 
vacuum tube, in the broadest sense of the term, is capable of sup¬ 
plying not only alternating currents from continuous currents, 
but also continuous currents from alternating currents. 

As regards the results obtained in the interesting manner 
described, it would appear that some of these observations 
differ from those quoted as obtained by Dr. Fleming. It would 
seem that Dr. Fleming took the position that the blue discharge 
can only travel in straight lines, whereas in some of the experi¬ 
ments here referred to, as, for example, those in connection with 
Figs. 11 and 12, the blue discharge and the 44 Edison Effect” 
did apparently go around a corner, and a sharp corner too. 

1 am unable to follow the conclusion mentioned by Mr. How¬ 
ell, that the change in the development of heat from the positive 
-joint to the middle wire, when the connections are changed, indi¬ 
cates that no bombardment can take place. It seems to me pos¬ 
sible that bombardment might still take place under a directive 
influence determined by the point of connection. No doubt Mr. s 
Howell can make this matter clear. 

Ms. E. A. Colby :—I am deeply interested in Mr. Howell’s 
paper, especially the latter part of it, referring to the so called 
‘‘Edison Effect.” W hile I am not prepared to-night to present any 
theory as to the phenomena observed, I can say that the charac¬ 
teristics which Mr. Howell has mentioned are well known to me. 

I would like to ask if he has substituted for the galvanometer 
which he used in measuring the currents, the still more sensitive 
instrument, the telephone, and whether he has attempted with its 
aid to explore the vacuous space by the insertion of platinum wires 
at different points in the glass bulb. Some years ago I tried an ex¬ 
periment of this character which was described in a discussion be¬ 
fore the Institute. I sealed into a lamp bulb in the plane of the 
filament a number of platinum wires about one inch apart. Con¬ 
necting the terminals of the telephone with the positive leg of 
the lamp, and with one of these wires I observed a note in the 
telephone which varied in pitch according to the position of the 
wire sealed into the bulb. When the telephone was connected 
to the positive leg on one side, and to the platinum terminal 
which was nearly at the middle of the filament, or more correctly 
on the diagonal to positive terminal of the area enclosed by the legs 
of the filament, I obtained the maximum note, and as I carried this 
terminal of the telephone near to the negative leg of the filament 
1 got practically no sound whatever. I also inserted in a similar 
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lamp a glass plate, upon which I obtained a deposit of carbon 
upon one side only, the depth of the deposit apparently increas¬ 
ing from the base of the lamp to the apex, indicating that par¬ 
ticles of carbon were actually transferred from one leg of the 
filament to this glass plate. I then attempted to produce me¬ 
chanical motion within the bulb of the lamp by constructing a 
very delicate mill out of mica vanes, and supporting the same be¬ 
tween the legs of the filament. This mill was composed of four 
aluminium arms with mica vanes attached, and was shaded— 
half of it™so that only one portion would he exposed to the 
impact of the carbon molecules. This experiment was only tried 
once and proved a failure. 

I notice that Mr. Howell reaches the conclusion that the 
luminosity is due to the energy set free by the impact of the 
molecules of matter present, which is undoubtedly the case. I 
should be very glad if he would express an opinion as to what 
may he the nature of these molecules, whether they are particles 
of carbon, or whether they are hydrogen gas, or compounds of 
hydrogen with carbon. 

There is one other point which I would like to bring up, and 
that is the effect of gases, such as bromine, left in the bulb. I 
entirely agree with Mr. Howell that when bromine gas in an ap¬ 
preciable amount is left in a bulb, the blue discharge disappears, 
and that the current across the vacuous space is absent. I have 
also found the same to be true if the vacuous space or the space 
within the lamp bulb is occupied by the vapor of chloroform and 
various other hydrocarbons. But I have also noticed that when 
certain compounds are present in the bull), the blue discharge, 
instead of disappearing, actually increases. And notably I recall 
a case where a lamp had been exhausted which had attached to 
the bulb a tube containing mercuric cyanide. Upon heating this 
tube until the glass was ready to collapse we forced the vapor of 
mercuric cyanide, or possibly the components of mercuric 
cyanide, into the lamp bulb. Upon raising the current appreci¬ 
ably afterwards, the blue discharge suddenly appeared and spread 
out in concentric rings from the positive leg nearly reaching to 
the negative, and a short circuit resulted after the lamp had re¬ 
mained on the pump a few moments. The same increase in the 
blue discharge I had also observed in lamps containing filaments 
which were imperfectly carbonized. In the earlier manufacture 
of the tamadine filament we undertook to carbonize the material, 
utilizing the same temperature with which we had been carbon¬ 
izing the ordinary paper and silk filaments, but unfortunately we 
were unable to reach a temperature high enough to effect com¬ 
plete decomposition of the tamadine. Filaments made in this 
way, upon being sealed in the lamp bulbs and having a current 
passed through them, became further carbonized, and the re¬ 
sult was, that a large amount of gas was liberated and the globes 
were filled completely with a violet blue discharge, and if the 
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current was allowed to continue, short circuits inevitably re¬ 
sulted. This indicated to me at the time, that the blue discharge 
was possibly due to the presence of gases which were liberated 
from the carbon filaments, and that the blue discharge in other 
lamps which appears when a high degree of exhaustion is 
reached, appearing as it does at the stubs or the points at the 
lowest temperature, possibly was due to the presence of occluded 
gases at those points, which in working their way out gave rise 
to the blue discharge. To investigate this matter further, I re¬ 
member that we sealed glass tabes to the platinum wires so that 
the tubes surrounded the stubs. Upon raising the current to the 
point at which the blue discharge usually appeared we failed to 
obtain it. But upon raising it still more, suddenly the blue dis¬ 
charge shot out from the glass tube surrounding the positive leg 
in a large amount, and the temperature at that point was so high 
that the glass tube was fused. I have noticed also the same 
effect which Mr. Howell mentions of the heating of the platinum 
wire on the positive side due to the vacuum current. I have 
succeeded more than once in obtaining this effect without fusing 
the platinum wire; raising the wire to a red heat throughout its 
seal from the interior to the outside, and upon reversing the cur¬ 
rent obtaining the same effect upon the opposite side. The blue 
discharge first appearing at the stub and gradually traveling 
down the wire, I thought at the time that it might be due to 
gases occluded in the platinum wire itself. You are all familiar 
with the fact that there is a process of electric forging in which 
the metal is connected to the negative pole and inserted into a 
liquid bath, and upon turning on a sufficient amount of current 
the negative electrode becomes heated to a very high tempera¬ 
ture. I believe the theory for this is that the metal becomes 
enclosed in an atmosphere of hydrogen, the resistance of contact 
being so high that the temperature is raised to a white heat. It 
occurred to me that platinum, occluding as it does so much 
hydrogen, and possibly, also the stubs and filaments, which at 
very high temperatures may be giving off hydrogen as a result 
of further decomposition, might account for the appearance of 
this blue discharge. I am exceedingly grateful, personally, to 
Mr. Howell for his lucid explanation of the phenomena. 

Dr. Samuel Sheldon : — Last year, when Rontgen first gave 
out his results, I was looking through the literature of the sub¬ 
ject- of Crookes tubes, and I came across one piece of informa¬ 
tion which struck me as rather peculiar and which may bear 
upon this subject here. It was that a Crookes tube with two 
electrodes constituted a condenser; that the capacity of this con¬ 
denser depended upon the condition of the exhaustion, upon the 
size of the electrodes and upon the distance between the elec¬ 
trodes ; that the dielectric of this condenser, if it can be so called,, 
exhibited the peculiar property of breaking down when the volt¬ 
age impressed upon the electrodes exceeded a certain amount, 
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and that when a Crookes tube was properly operated so as to 
glow, that the voltage upon the terminals was always of a defi¬ 
nite amount; it never exceeded that amount, for if an electro¬ 
motive force which was greater than the amount necessary to 
produce this glow discharge should be impressed upon the two 
electrodes, the difference of potential was reduced by an adjust¬ 
ment between the internal resistance of the coil or source of elec¬ 
tromotive force and a series of pulsatory discharges of widely 
varying frequency between the two electrodes. I speak of this 
in this connection because it seems to me perhaps to explain the 
experiment of Mr. Howell represented in Figure 11, where the 
discharge was not observed between the negative terminal and 
the positive terminal when a shield was interposed, but which 
was started at the moment that the intermediate wire was con¬ 
nected w r ith the negative terminal. In the latter case, the length 
of path between the interposed wire and the positive terminal 
was lessened to such an extent that perhaps, possibly, the voltage 
which was impressed on the two terminals and which was in this 
case limited, because it was short-circuited through the filament, 
was enabled to give a discharge, and that once having been 
started the character of the discharge was maintained, as is often 
the case in a Crookes tube. 

Mr. Colby :—I would like to ask Mr. Howell if he has made 
any examination of the blue discharge by means of the spectro¬ 
scope. I have in my notes, under October 11th, 1883, an instance 
where we had this pronounced blue discharge. Upon examina¬ 
tion of the discharge with the spectroscope, a number of very 
bright lines to the right of the 13 or sodium line were seen. But 
unfortunately, before their position could be fixed the lamp short- 
circuited. In every case I find my notes indicate the presence of 
the same lines. I have here a small diagram of the spectrum, 
indicating as nearly as could be done by three observers, Mr. 
Weston, Professor Garver and myself, where these lines were 
located. The sodium line was clearly visible. The most marked 
line was a bright green, which Mr. Weston thought was possibly 
due to the presence of mercury. It might possibly have been 
mistaken for hydrogen. Hydrogen and oxygen would undoubt¬ 
edly be present from the decomposition taking place. Mr. 
Weston’s theory is—I am reading notes which were made at 
that date—that the presence of hydrogen brings out the mercury 
lines. The exhaustion in all these cases is incomplete. I think 
it would be very interesting, if Mr. Howell has the facilities, to 
study the blue discharge by means of the spectroscope. Possibly 
we can thus get information as to what matter is present, giving 
rise to the discharge. 

Secretary Pope (in the chair):—The questions involved in 
this very interesting paper are necessarily confined to the ob¬ 
servations of those who are engaged in a special branch of the 
business, and for a moment, when Mr. Colby spoke of the date 



1897.1 


DISCUSSION IN NKW YORK. 


47 


■of his notes, I paused to think whether we had incandescent 
lamps in 1883. I think it would be of interest, when Mr. Howell 
rises, to close the discussion, if he would intimate what bearing 
this.investigation has upon the manufacture of lamps, or possibly 
its interest to users of them. How these lamps are made, and 
the intricate processes they go through in treating these fila¬ 
ments, is of course a sealed book to many. If there are any gen¬ 
tlemen present who are not members of the Institute, they are 

at liberty to make any remarks or ask any questions of the 
author. 

Me. Douglass Burnett : —I have a request to make of Mr. 
Howell, that in closing his remarks he will tell some of the 
younger members what tamadine is. 

Me. Colby Tamadine is a name which unfortunately con¬ 
veys very little meaning. It is a name which was compounded 
by one of Mr. 'Weston’s assistants—his secretary, I believe—who 
had a more familiar acquaintance with the Greek language, or 
more time to hunt up Greek words which would convey the true 
meaning of what was intended than the rest of us. Tamadine is 
simply a cellulose filament which is made by dissolving ordinary 
gun-cotton in a mixture of ether and alcohol; pouring the solu¬ 
tion on a glass plate, the solvents evaporate, leaving what is gen¬ 
erally known as collodion. Of course in this state it is highly 
inflammable, and it must be treated chemically to remove the 
oxygen combined with it before it can be carbonized. The ad¬ 
vantages claimed for it were that it gave a homogeneous fila¬ 
ment. [The literal meaning of tamadine being “without struc- 
ture.]” How that I am up—I am sorry to take so much time, 

but these notes I have not looked over for a good many years_I 

find on December 26,1883, that I made a lamp in the shape of a 
U tube for the purpose of investigating still further this blue 
discharge.. It was a lamp with a large‘filament, 125 o. p. lamp, 
and a straight tube was made of sufficient length to contain this 
filament, and then bent up in the shape of the letter U. In this 
way a most effective screen was interposed between the positive 
and negative legs. I exhausted this lamp as finely as possible, 
increasing the current until both stubs were very hot, without 
noting the least trace of discharge. After burning at high candle 
power for several hours, the carbon was perfectly clean. In other 
words, there was no discoloration of the negative leg, as is often 
observed, but. the sides of the tube were badly blackened. The 
mechanical difficulties of making a lamp of this character were 
too great, of course, to adapt it to commercial purposes. 

Mr. Wolcott: —In connection with the explanation of what 
tamadine is, 1 will say it is entirely new to me that tamadine is 
nitro-cellulose, or celluloid, as you may say. I certainly read in 
the electrical journals once that it was made by treating cellulose 
proper with ammonium sulphide. Some one wrote an article 
saying that that was what it was. 
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Mr. Colby :—It was made as I described a moment ago, in the 
laboratory. To turn it out in large quantities, of course that 
process was altogether too slow, and we resorted to the facilities 
of the Celluloid Manufacturing Company of Newark, and they 
made it by treating ordinary tissue paper and reducing it to the 
chemical state such that it became soluble in a mixture of ether 
and alcohol with certain other compounds. 

Me*. Wolcott:— They made nitro-cellulose of it. 

Mr. Colby:— Practically. I cannot speak with knowledge of 
their process or the exact chemical composition, because that is a 
secret they keep themselves. 

Mr. Wolcott:— Some one wrote an article—I forget who it 
was—stating that Mr. Weston had discovered a process of form¬ 
ing this material by treating the cellulose or paper with ammo¬ 
nium sulphide, and that is entirely different. Of course I do not 
know whether there is anything in that or not. 

Mr. Colby : — That is something I never heard of. The only 
use to which we put ammonium sulphide was to reduce the nitro¬ 
cellulose. It was treated with that to render it less inflammable. 
Very likely that is the origin of the statement. 

Mr. Charles Wirt : — I have never seen a statement of the 
fact that contact resistance between metals has a negative temper¬ 
ature co-efficient. This is a fact which I found out by experi¬ 
ments some years ago, and I have always associated this pecu¬ 
liarity with the negative temperature co-efficient carbon, which 
being (at least in most forms) of rather loose structure and of 
high resistance, is rather suggestive of contact resistance between 
particles. The reversal of this temperature curve in Mr. How¬ 
ell’s diagram interests me very much, and I would like to know 
more about it. It looks as if that sample of graphite, after pass¬ 
ing a certain temperature, became something that was not graph¬ 
ite. We get a striking change in the nature of phosphorus by 
simple heating of the material, the resulting allotropie form be¬ 
ing decidedly unlike the original. If Mr. Kennedy or Mr. Howell, 
or somebody else, would investigate this graphite further, perhaps 
we may learn how to make diamonds. 

Mr. Howell : — Mr. Kennedy suggests that the argument 
which I made that the heating effect observed on the positive 
joint, or on a positively connected inserted wire, was not due to 
molecular bombardment was not conclusive. The lamp shown 
in Figure 10 had a copper plate an inch long and about a quarter 
of an inch wide between the legs of the filament, and the fila¬ 
ment itself was only one and one-half inches high, so that the 
little globule which you see in Figure 10 at the end of the wire 
is the result of the melting of a copper plate which extended 
two-thirds at least of' the length of the loop. In that lamp there 
was no indication of heat on that copper plate, unless this ex¬ 
ternal wire was connected with the positive terminal. The plate 
would naturally receive a very large proportion of the molecular 
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bombardment, which was directly across, between the two legs. 
It shielded the positive joint of the lamp from a large part of 
the direct molecular bombardment, and yet it would not get hot, 
and the positive joint would get hot; but just as soon as that 
middle plate was connected to the positive wire, then that plate 
got hot and the joint got cold. 1 think that is quite conclusive 
that the bombardment itself does not produce very much heat. 
It may produce some, but not very much until there is positive 
connection made which allows the molecules to discharge to a 
point of high potential. 

Mr. Ken nelly also suggests that my conclusions are somewhat 
in conflict with those of Professor Fleming. They are not. 
Professor Fleming’s work was all done with lamps which were 
highly exhausted. All the highly exhausted lamps with which I 
experimented behaved exactly as Prof. Fleming’s did. There was 
every indication that the molecules passed in straight lines only. 
They would not pass around the screen shown in Fig. 11, and 
their effects would not be exhibited in the lamp shown in Fig. 12 
when the negative leg was in the tube. The power to pass in 
other than straight lines exists only, so far as my experience 
shows, when the vacuum is in a condition to give a blue glow. 
In that case I believe that there is a large number of molecular 
collisions constantly occurring in the vacuous space, and perhaps 
the charged molecules do not go from the negative to the posi¬ 
tive around corners, but go to other molecules to which they give 
up their charge. Probably the motion is in a number of straight 
lines instead of one. But in all cases in which the lamp had a 
high vacuum, as it was in all the lamps Prof. Fleming used, I 
found no ability to pass in other than straight lines. 

Mr. Colby speaks of substituting for the galvanometer a tele¬ 
phone for exploring the potentials of the vacuous space. That 
point was very thoroughly covered by Professor Fleming, with 
a condenser, which is still better than a telephone. The indica¬ 
tions of the telephone are not simply indications of potential, but 
are indications of current, and the current in this case must de¬ 
pend on the number of molecules which are received by the pos¬ 
itively connected wire. His experiments with a telephone are 
entirely in accord with all of my experience, which shows the 
current a maximum between the positive terminal and a point 
near the bottom of the negative leg of the filament, and that a& 
you go distant from the foot of the negative leg you get less and 
less total bombardment for given surface, and less effect on the 
telephone. But with the condenser you find the potential is the 
same everywhere; anywhere in the vacuous space in which you 
insert a wire and get its potential difference between the positive 
electrode and that point. In fact, every point of the vacuum is 
reduced to the potential of the negative leg. The condenser was 
allowed to charge, and was discharged through a ballistic galvan¬ 
ometer. 
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Mr. Colby’s question as to whether the luminosity was due to 
the energy of carbon or of other molecules, I do not know that I 
can answer fully ; but I think there is every indication that it is 
due not to carbon molecules but to others. I do not think it is 
possible to get a blue glow in a lamp after it has been well ex¬ 
hausted—after it has been exhausted of everything except the 
carbon molecules which come from the filament. It is only to 
be obtained when there is some other gas or vapor in the lamp. 
Water vapor causes a very marked blue effect. One fact which 
I mentioned in this paper was that in the presence of a blue dis¬ 
charge, if a direct current is used in heating the filament, a black 
deposit will appear on the negative leg, and yet you know that 
the bombardment which affects the galvanometer is from the 
negative,leg. Yet the black appeared on the negative leg, show¬ 
ing that there is a transfer of carbon molecules, probably from 
the gas in the bulb, to the negative leg, and that is always ob¬ 
served where you have a blue glow, but you can never observe 
that in a well exhausted lamp. When a filament is heated with 
a direct current the carbon molecules proceed from both legs 
equally. 1 do not think there is any evidence in my possession 
which indicates that there is a greater throwing off of carbon 
molecules from one leg than from the other. I know that other 
observers have stated that there was such evidence, and that the 
carbon molecules were thrown off very freely from the negative 
leg. There is no^ evidence which 1 have "which supports it. 
There is plenty of evidence that if one leg of the carbon is a 
little thinner than the other, and hotter, it will throw off a good 
deal more carbon at its higher temperature. But the great num¬ 
ber of lamps which I have seen which show an equal shade on 
both sides of the bulb indicate that that is equal from both legs 
when both are equally hot. 

t Mr. Wirt’s suggestion as to the investigation of graphite of 
high temperatures and the possibility of its changing into some¬ 
thing which is not graphite is worthy of consideration. But the 
fact immediately presents itself that when the carbon is cold it is 
graphite again. It is pretty hard to investigate a white hot sub¬ 
stance which has the power to go back to its old condition when 
it gets cool again. 

Mr. Pope speaks of the bearing which this paper lias on the 
manufacture of lamps. The only bearing it has is to tell us not 
to make lamps that show blue. 

The action of these molecules emanating effectively from the 
negative leg only, is very curious, and I hoped that the suggestion 
which I made at the very end of this paper would be taken up 
and discussed by somebody who knew more about it than I did; 
that is, that the action of these molecules in carrying electricity 
in one direction only, may be an indication of the nature of the 
action between molecules iu solid conductors, carrying con¬ 
ductors, rather than an illustration of the action of' statically 
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charged molecules. I think there is evidence that the action of 
these molecules has very little to do with their static charge. 
We know that in order to produce effects by a static charge in 
an ordinary vacuum you have got to use very high potentials 
and quite a large amount of actual energy. Whereas in these 
cases, a lamp which requires a very low potential difference will 
give a very strong molecular effect, and its passage in one way 
only is rather hard to explain. In fact, Prof. Fleming does not 
explain it He says it is so because it is so, practically, and I am 
sure I cannot explain it. But it is a fact that the current is car¬ 
ried in one direction through the vacuum just as it would be if it 
were a conductor with all its resistance at the positive contact. 
If this were so, an inserted wire would show r the same effects as 
those we observe in actual lamps. We have measured currents 
as high as 25 amperes passing through a space in which there is 
no continuous matter—that is, matter in the continuous condi¬ 
tion we think of when we speak of a solid. When that current 
is passing, there is a vacuum there which is so high that it would 
scarcely depress a barometric column. In fact, 1 tried to meas¬ 
ure whether there was a depression of a mercury column, and if 
there is any it is very slight indeed. Under proper conditions, a 
vacuum which will not appreciably depress a mercury column 
will carry a current and appear to have practically no resistance 
except at the positive contact. The vacuum will sometimes 
change from an insulator to an almost perfect conductor sud¬ 
denly, without any gradations at all. It will be a sudden change 
due only to a suddenly acquired ability of the molecules to carry 
the current across the space in one direction only. The indica¬ 
tion of the unidirectional current from the alternating current is 
very interesting. It was a natural result, and it was one which 
I predicted before I tried it. I made an indicator for an alter¬ 
nating circuit in that way by using a lamp with a third wire 
which had a high degree of exhaustion on an alternating circuit, 
the alternating circuit giving the carbon its temperature, and the 
variations in the current affected an ordinary direct current gal¬ 
vanometer connected between the inserted wire and one elec¬ 
trode, and it seemed very strange to see an undirectional current 
taken out of an alternating current in this way. 

On motion of Mr. Kennedy a vote of thanks was tendered to 
Mr. Howell for his very interesting paper. 

[Adjourned.] 
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[Communicated After Adjournment by Prof. W . M. Stine] 

Pkof.W. M. Stine Perhaps the most elaborate investigations 
of the u Edison Effect 7 ' have been carried out by Professor J. A. 
Fleming. In a lecture before the Koval Institution, in 1890, 1 he 
developed about all the leading facts which he has since elab¬ 
orated.- His experiments, together with those detailed in the 
paper under discussion, reveal a large number of facts, interest¬ 
ing alike to the student of physics and the manufacturer and 
user of the incandescent lamp. 

In Professor Anthony’s paper before the Institute in 1894, 
it was stated that carbon was removed from the filament 
through the action of convection currents. This was taken 
exception to at the time, and the evidence from experiments on 
the “ Edison Effect” clearly disprove this assumption. In one of 
the lamps employed by Professor Fleming, containing a sealed- 
in aluminium plate, this accidentally vaporized, coating" the walls 
with metallic aluminium, and leaving a well-defined molecular 
shadow of the filament. It may then be held that in the high 
vacuum of an incandescent lamp, metals or carbon brought to in¬ 
candescence truly vaporize, and the molecules leave the surface 
and travel in straight lines, having a fairly free molecular path. 
ISfor can the driving off of carbon molecules from the filament be 
regarded as an electrical act; it is rather due to evaporation at 
high temperature, and can be assisted by electrical repulsion but 
to a limited extent, since the voltage in lamp filaments is usually 
very low. This is confirmed by the present paper. Mr. Iiowell 
found the u Edison Effect ” to be as strong between the filament 
legs of a 40-volt lamp as one operated at 140 volts, it being 
assumed that the temperature of incandescence was the same in 
each case. In a curve given by Professor Fleming, the “ Edison 
Effect is approximately a linear function of the volts between 
the lamp terminals. The temperature of the filaments in such a 
case is itself almost a linear function of the volts. His curve 
actually bends slightly downwards, 8 showing the influence of 
increased heat losses by radiation. Had the evaporation been 
influenced by the highest voltage to any appreciable extent, the 
curve must have bent upwards. Again, were the discharge of 
the molecules due to their static charges, the u Edison" effect ” 
would occui in a filament of uniform cross-section about equally 
over the entire surface. Another noteworthy experiment of 
Fleming was to seal similar filaments in the end of an ego¬ 
shaped tube. These were heated to incandescence by battery 
currents. A single cell of battery connected to points on the 
two filaments, which were at equal potentials, was able to send a 
marked current through the tube. This experiment establishes 

2, l^u^Mag m j^ n ^ Q Amrican Supplement, August 23, 1890. 

3. Phil. Mag. \ July, 1896* p. 57, 
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two facts: that incandescent carbon fills a vacuum tube with a 
carbon atmosphere of high conducting power, and that this 
vapor conducts an electrical current much as does a solid con¬ 
ductor. 

Perhaps the most singular phenomenon in this connection is 
the unilateral nature of electrical discharge from an incandescent 
source. The carbon vapor itself conducts equally well in any 
direction, but the discharge takes place only from the negative 
side of the filament. This, again, is another proof that the 
“Edison Effect 15 is not a static one, since the entire filament 
would be covered with a static discharge of the same sign. 
Gruthrie long since showed that an incandescent conductor would 
discharge negative but not positive electricity. The action of 
the Crookes tube with cold electrodes is, in the main, of a similar 
nature. These facts indicate, as Lord Kelvin pointed out some 
years since, that there is a radical difference in character be¬ 
tween positive and negative charges. It is probable that we 
shall yet find in such facts as these the explanation of the nature 
of electrical conduction. 

A very significant statement is made on page 39 of the pres¬ 
ent paper, in connection with the sudden appearance of'the blue 
glow in the lamp. The same thing is frequently seen in liont- 
gen tubes. With a very high vacuum scarcely any current 
passes. If the tube is heated, the vacuum is lowered gradually 
until a critical point is reached. At this point a blue glow sud¬ 
denly appears about the anode, and the resistance of the tube 
very materially decreases, with an equal suddenness. At this 
point the atmosphere seems to cease carrying the current by 
moving electrical charges, and becomes, in a sense, a true con¬ 
ductor. 

Another interesting effect is, the larger the conducting plate 
sealed into the bulb, the greater the flow of current. The sub¬ 
ject is one of great practical importance. It clearly points out 
the value of high exhaustion for lamps. That a lamp containing 
an atmosphere of a heavy, non-conducting gas, such as bromine, 
exhibits these effects but feebly, is also significant. High effi¬ 
ciency lamps, even with excellent vacuum, ought not to be 
pushed to a high filament temperature, or they become to a cer¬ 
tain extent short-circuited. This indicates an unfortunate limit 
to the increase of the efficiency of carbon filaments. It is prob¬ 
able that though the “Edison Effect 15 may be decreased, it can 
never be wholly avoided, since a carbon burned in the air will 
exhibit the effect while it lasts. Lamps containing heavy non¬ 
conducting gases in their bulbs, as Professor Anthony has shown, 
do not blacken to any extent. - The present paper shows how 
small the “Edison Effect 55 is in them. 
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Ezra Carl Breithaupt (Associate Member June 6th, 1893; 
Member, May 19th, 1896), fourth son of the late Louis Breithaupt, 
was born in Berlin, Ontario, on February 19th, 1866, and there 
he received his early education. lie attended the Northwestern 
College, at Naperville, Ill., and graduated from it in 1887. He 
travelled for some time, and then went to Johns Hopkins Uni¬ 
versity, at Baltimore, to take the course in electricity. In 1892 
he graduated from Johns Hopkins with the degree of “ Electrical 
Engineer, 51 and, on returning to Berlin, he became the Manager 
of the Berlin Gas and Electric Company, which position he held 
up to the time of his death. 

As consulting and electrical engineer, he had a general prac 
tice in Ontario and Quebec, and as such he acted for the town of 
Bracebridge on the installation of a large lighting plant. He 
laid out. and superintended the work of electrically equipping 
the Berlin and Waterloo Street Railway, and later became its 
president and manager. He also acted as consulting engineer 
for the town of Sherbrooke, Quebec, for the Renetanguishene 

and Midland Electrical Railway Company, and for various other 
enterprises. 

He was a member of the Canadian Electrical Association since 
its inception, and was a most active and valuable member of its 
executive and statistics committees, of which latter he was chair- 
mam In June last he was elected to the office of second vice- 
president of the association. During his connection with the 
association he prepared and presented to it several valuable 
papers, and he also contributed papers to various electrical publi¬ 
cations, principally dealing with Canadian developments in elec¬ 
trical engineering. 

He was a member of the Berlin Board of Trade and of the 

Toronto Board of Trade, and at one time was president of the 
former. 

Mr. Breithaupt’s death, on January 27th, 1897, resulting from 
injuries received at an explosion of an oil tank at the Berlin ga 3 
works, is particularly sad, as it came at what was only the begin¬ 
ning of a career of great promise. He leaves a large circle of 

relatives and friends to whom his affability, his manliness and 
ms conscientiousness had endeared him. 


THE AMERICAN INSTITUTE OF ELECTRICAL 

ENGINEERS. 


New York, March 24, 1897. 

The 114th meeting of the Institute was held this date at 12 
West 31st Street, and was called to order by President Duncan 
at 8.30 p. m. 

President Duncan:— The Secretary will announce the ticket 
nominated by the Council at the meeting this afternoon. 

The Secretary : — From the nomination returns received from 
the membership, the Council has selected the following names 
which will be printed on the ballots for the guidance of members 
in their choice of candidates. 

For President: 

Francis B. Crocker, of New York City. 

For Vice-Presidents: 

A. E. Kennelly, of Philadelphia, Pa. 

Chas. S. Bradley, of New York City. 

Dugald C. Jackson, of Madison, Wis. 

For Managers: 

Alexander Macbarlane, of South Bethlehem, Pa. 

Gano S. Dunn, of New York City. 

W. F. C. Hasson, of San Francisco. 

Herbert Laws Webb, of New York City. 

For Treasurer: 

George A. Hamilton, of Hew York City. 

For Secretary: 

Ralph W. Pope, of Hew York City. 

The Council has decided to hold the General Meeting of the 
Institute at Greenacre-on-the-Piscataqua, Eliot, Maine, begin¬ 
ning on July 26th. This place was the residence of the late 
Moses G. Farmer, who was one of the charter members of the 
Institute and made an Honorary Member October 21st, 1890. 
He died at Chicago, May 25th, 1893, having been actively en¬ 
gaged in the preparation of his personal exhibit for the World’s 
Fair. The date selected will be the 50th anniversary of Prof. 
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Farmer’s relinquishment of teaching and the taking up of elec¬ 
trical work. Greenacre is beautifully situated on the east bank 
of the Piseataqua River, about ten miles beyond Portsmouth, 
FT. H., and is reached in two hours from Boston. 

The Annual Meeting for the election of officers, presentation 
of yearly reports, etc., will be held at 12 West 31st Street, as 
provided by the Constitution, on Tuesday, May 18th, which’ is 
the third Tuesday in the month. 

The following Associate Members were elected at the meeting 
of the Executive Committee in the afternoon : 


Name. Address 

Bechtel, Ernest J. Superintendent, Power Plant, 

Toledo Traction Co , 


Toledo, 0. 

Ford, Arthur Hillyer, Fellow in Electrical Engineering, 

University of Wisconsin, Mmlisonl 
Wis. 

Holbrow, Herman L. With New York Telephone Co., 

New York City, residence Rutherl 
ford, N. J. 


Kelly, William F. 


Total 4. 


Student in Expert Course, Fort 
Wayne Electric Corporation, Fort 
Wayne, Ind. 


Kndorsed by. 

E. S. Reid. 

VY. E. Harrington. 

R. W. PopeT 

J. E. Davies, 

D. C. Jackson. 

S. B. Ft>rtenbang’ll. 

S. B. Austin. 

II. F. Thurber. 
W. M. Petty. 

F. S, Hunting. 

E. A. Barnes. 

A. L. Hadley. 


« The President The paper to be read this evening i 8 on 
The Influence of Heat Treatment Upon the Magnetic Prop- 
ertres of Steel and Iron,” by Dr. K. E. Guthe. The paper will 
be presented by Professor Carhart, whom we all know. 

Professor Carhart then read the following paper: 



A paper presented at the 114th meeting of the 
American Institute of Electrical Engineers, 
New York , March 24th , President 

Duncan in the Chair. 


THE INFLUENCE OF HEAT TREATMENT UPON 
THE MAGNETIC PROPERTIES OF 
STEEL AND IRON. 


BY DR. K. E. GUTHE. 


Steel arid iron, when heated to high temperatures, show a de¬ 
cided change in their magnetic properties. The earlier investi¬ 
gations 1 have shown, that in general the temporary induction in 
iron and steel rods increases with increase of temperature. G. 
Wiedemann 2 found that very hard steel rods show at 100° a 
larger temporary magnetic moment than at 0°, soft rods a larger 
magnetic moment at 0° than at 100° for the same magnetizing 
force, after they had been repeatedly heated and cooled. Row¬ 
land 3 showed that a rise of temperature causes an increase of 
induction, if the magnetizing force is small, but a diminution 
of induction if the magnetizing force is large. The same was 
observed by J. Hopbinson, 4 who undertook a great number of 
experiments in this line, especially in order to show the relation 
between the critical temperature, at which iron ceases to be mag¬ 
netic, and the recalescence, first discovered by Barrett. Accord¬ 
ing to the former, recalescence occurs at the critical temperature. 
Osmond, who distinguishes three points of recalescence for soft 
steel, places the critical temperature at the second point of re¬ 
calescence. Tomlinson’s 5 and Kunz’s 6 experiments show also the 
change in magnetic properties due to a rise of temperature. 

1. Wiedemann’s <£ Electrieitaet,” 2d ed., III., p. 848-860. 

2. G. Wiedemann. JPogg. Ann. 122, 346, 1864. 

3. Rowland. Phil. Mag. (4), 48, 321, 1874. 

4. Hopkinson, Phil. Trans ., 180 A, 442,1889. Proc. Boy. Soc., 48, 442,1890. 

5. Tomlinson. Phil. Mag. (5), 25, 372, 1888. 

6. Program Gymnasium zu Darmstadt, 1893. 
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After steel has been heated beyond recalescence and is sud¬ 
denly quenched in cold water, the mechanical hardening is 
accompanied by a corresponding magnetic hardening, i. <?., the- 
permeability decreases and the hysteresis loss increases greatly.. 
This influence of hardening is well known, and was first thor¬ 
oughly investigated by Ewing. 1 Yery little is known about the in¬ 
fluence of heat treatment on such hardened steel. JBarus and Strou- 
hal, in an exhaustive paper, show the influence of tempering on 
the retentivity of steel magnets, and are the originators of the 
well-known method of seasoning magnets bj 7, subjecting them for 
several hours to a temperature of 100°, which method has re¬ 
cently been used very successfully by B. O. Pierce. Their 
results, as far as they have a bearing on the present research, are, 
(1) that the magnetic moment of a hardened steel magnet is 
smaller after reheating to about 100° than it was before, and that 
on heating to still higher temperatures it increases again; (2) that 
the length of time during which the bars have been at the high 
temperature is of some influence, especially for the lower tem¬ 
peratures. The present work was undertaken with a view of 
following the annealing process step by step, and obtaining the 
relations between the magnetizing force, maximum induction, 
remanence and coercive force for each of these steps. The 
results are also interesting from a theoretical point of view, since 
they show a decided difference in the rate of change of the mag¬ 
netic properties for the different temperatures. ^ 

Description of the Method. —The rings were all of the same 
orm, %. e, hoops with an average diameter of 12.6 cm. and a 
nckness of only 8 mm. The diameters were measured by 
vernier calipers and the cross-section was found by dividing the 
volume, which was determined by the loss of weight in wate", by 
e aveiage cncumference. New measurements were taken 

ZZTjm^ e T r SS had k een subjected to a temperature 
rngiie than 600 . They were wound with bicycle tape, and on 

this the primary coil. Before each experiment the insulation 

wTf+i? teSte f Rowland ’ s ballistic method was employed. 
Instead of the usual way of finding the constant of the galvan- 

ometer by means of an earth coil, I charged and discharged a 

standard^ondensei^th rough the ga lvanometer (see Carhart and 

p. 82. EWlnS ' PlUl ' TranJ> " 547, 1885, or Ewin &> “Magnetic Induction,” etc.,. 


2 


. “XJ. S. Geological Survey,” No. 14, 1885. 
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Patterson’s Ck Electrical Measurements”). The equations used 
will then be 

d % O E t 100 

(B = - -t 

a\ n % A 

where 

(B = the increase in induction, 

d% — the deflection doe to the change of the magnetic flux 
through one square centimetre of the ring, 

O = the capacity of the standard condenser expressed in mi¬ 
crofarads (= .2 microf.), 

E = the E. M. F. of the Carhart-Clark cell in volts, 
r = the total resistance of the secondary circuit, 
d x = the deflection obtained by the discharge of the condenser, 
n 2 = the number of secondary turns around the ring, which 
was equal to 30 in every case, 

A = the cross-section of the ring, 

and 


.ic = I 
10 L 

where 

JC — the magnetizing force, 

= the number of primary turns on the ring, 

I = the magnetizing current expressed in amperes, 

L == the average circumference. 

The deflection due to the discharge of the condenser was taken 
on Open circuit. This produces an error in the constant. An 
independent experiment showed that the value obtained is 1.50 
per cent, too large. In order to obtain the absolute values for (B 
in the following tables, the data should be multiplied by .985. 
In order to eliminate the error due to the creeping up of the 
induction, the steps taken were as nearly as possible the same for 
the same ring at different stages of the treatment. I believe the 
total errors of observation to lie within .5 per cent. The experi¬ 
ments at each step for each ring consisted in the determination 
of the hysteresis curves for a number (8-10) of different mag¬ 
netizing forces, the largest in every case being between 60 and 65. 
In the filial results I give the hysteresis curves for the largest 
values of 3C only. The magnetizing curves were taken, but they 
are not given under the following results, since, as ITopkinson 
has shown, this curve for virgin steel differs appreciably from 
one taken with a ring previously magnetized. It was thought 
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to be of more importance to represent the curves for (B in and (£ r 
as functions of the maximum magnetizing force. (See Fig. 4.). 
Moreover, it was possible to show the influence of the reheating 
upon Houston and Kennelly’s law, 1 i. e., that for small magnet¬ 
izing forces the remanence is a linear function of the max¬ 
imum induction (An)* These two values, (B m and (B r , are plotted 
on Fig. 5, and these curves are of great interest, showing the 
range through which this law holds good in the different stages 
of the heating process, and what variations in the constants are 
produced by the tempering. 

Chemical Analysis .—the chemical analysis of the rings gave 
the following results: 


Carbon 

Silicon. 

Sulphur... 
Phosphorus 
Manganese. 


Ring I. 

Ring II. 

Ring TIT. 

Crescent 

Basic 

Very Soft 

Steel. 

Steel. 

Steel. 

.868;?: 

.309^ 

.0755^ 

.234 

.025 

.0155 

trace 

.059 

.0645 

.0172 

.146 

.124 

.27 

.78 

.36 


Ring IV. 

Swedish 

Iron. 

.144# 

.0624 

.015 

.018 

trace 


For the chemical analysis and the heat treatment of the rings, 
I am greatly indebted to Prof. E. JD. Campbell, director of the 
metallurgical laboratory, and his assistant, Mr. A. E. Miller. I 
gladly express my deep obligations to them, especially to Profes¬ 
sor Campbell, who devised and superintended every particular of 
the complete heat treatment. 

The rings were first heated in the original state and then sub¬ 
jected to the heat treatment. The different steps taken are the 
following: 


A. Kings in the original state. 

B. Heated to about 670° and quenched. 

O. Heated to a little over 900° and quenched 
The hardened rings were then tempered by reheating to the 
temperatures indicated below, and then allowed to cool slowly. 
n for 0Be llour ; e and f, 100° for 24 hours; G , 200°• h 


D, 100' 

300°; 

950°. 


x, 450 


-- } y aJ. y 

k, 800°; l (only for Rings ii. and in.), about 


Results. 

f U ^fo^wing tables n x designates the number of primary turns, 
e the deflection of the galvanometer, obtained by the discharge 
cf a capacity equal to .2 microfarad charged by a Carhart-Clark 
standard cell, d the deflection of the galvanometer due to the 
clmngeof the lines of magnetic force in the ring, * the calculated 
1. Eleotriml World , 25, 631, 1895L ~~ ~~ ~ 
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value of the induction, I the current in the primary measured in 
amperes, X the value of the magnetizing force. 

It will be noticed that I give only the values of (B and X for 
one side of the hysteresis curves. Since the same steps were 
taken on the ascending and descending branch of the loop, the 
values were generally identical, and are therefore not recorded in 
the following tables, though the whole cycle was taken in the 
actual experiments: 

A. Before Heatino. 


TABLE I. TABLE II. 


Ring I ; 

"1 = 298: const. = 141.5 ; (B= 18.7 

X d \ X ~ 9.45 /. 


Ring 11 ; n x = 292: const. = 141.5 
X d \ X = 9.39 / 

; (B = 22.2 

d 

(SI 

/ 

X 


d 

(B 

/ 

X 

— 

■4-7966 

0 

0 



•+■8303 

0 

0 

48 

7096 

.270 

2*55 


112 

5S16 

.16 

1.5 

14 

6807 

•350 

3*3* 


262 

0 

.285 

a.7 

47 

5928 

•538 

5-09 


J 37 

3°4 X 

.392 

3-7 

64 

473 x 

•7°5 

6.67 


101 

5284 

.538 

5.0 

184 

1290 

.940 

8.89 


79 

7037 

.705 

6.6 

197 

—2394 

1.210 

11.44 


73 

8658 

■94 

8.8 

192 

5984 

l *7 

16.07 


57 

9923 

1.21 

11.3 

88 

7630 

2.09 

19.76 


66 

11389 

1.70 

16.0 

87 

9 2 57 

2.66 

25.15 


68 

12898 

2.70 

25.2 

107 

11257 

3-86 

36.50 


4* 

13808 

3.90 

36.2 

63 

12436 

4.9 

46.33 


28 

14430 

4.90 

45.9 

75 

T3838 

6 5 

61 46 


29 

x 5074 

6.65 

62.4 

47 

12959 

4.1 

38.76 


J 9 

14652 

4,80 

45.o 

69 

11669 

2.1 

19.86 


45 

13653 

2.25 

ax.1 

88 

10023 

.86 

8.13 


85 

11766 

.70 

6.6 

no 

7966 

0 

0 


29 

11122 

.49 

4.6 






129 

8258 

0 

0 


TABLE III. TABLE IV. 


Ring III: 304; const. = 141 5; (^ = 16.3^; 

X = 9.63 x /• 


d 

(B 

/ 

X 


+9568 

0 

0 

93 

8052 

.16 

T -54 

154 

5542 

.285 

2.74 

288 

848 

•36 

3-47 

107 

— 880 

•394 

3-79 

#02 

4173 

.48 

4.62 

*34 

6357 

•58 

5-59 

115 

8 32 

■7 X 3 

6.87 

105 

9943 

•93 

8.96 

75 

11166 

T.19 

11.46 

77 

12421 

1.6 

15.41 

74 * 

13627 

2.6 

25.04 

21 

13969 

3*2 

30.82 

49 

14768 

4-75 

45-74 

32 

15289 

6.7 

64.52 

40 

T462 I 

3-75 

36.11 

41 

x 3953 

2.00 

19.26 

49 

1 3 I 54 

1.1 

10.59 

27 

12714 

.80 

7.70 

52 

11866 

•45 

4*33 

141 

9568 

0 

0 


Ring IV; n x =291: c = 141.5; (B= 16.5 xd ; 

X = 9*23 X /• 


d 

<B 

I 

X 


4-6600 

0 

0 

155 

4042 

.08 

•7 

322 

—1270 

.165 

1.5 

225 

49 8 3 

.298 

2-75 

185 

8036 

.410 

3-8 

55 

8943 

.558 

5*2 

54 

9834 

•73i 

6.75 

49 

10643 

•973 

8.98 

35 

11220 

r.248 

11.5 

39 

11864 

1.78 

16.4 

40 

12524 

2.78 

25.7 

27 

12969 ■ 

3-98 

36.7 

44 

13695 

6.60 

60.9 

34 

I 3 1 34 

4.0 

36 9 

38 

12507 

2.11 

W-5 

60 

11517 

•9 

8-3 

59 

10544 

•5 

4.6 

20 

10214 

4 

3-7 

2x9 

1 6600 

0 

0 
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B. Heated to 675° and Quenoiikd. 
TABLE V. TABLE VI. 



TABLE VII. TABLE VIII. 




OF STEEL AND IRON. 


TABLE IX. 


Ring I, 








Ring II 

• 

I 

^ING II 

r. 


X 

®.n 

(B r 

X 


(B r 

X 

(B m 

67.2 

*5383 

6925 

66.5 

15343 

6956 

62.3 

15042 

35.2 

24.1 

13339 

IO858 

6839 

6454 

36.6 

19.5 

J 357r 

11276 

6913 

6683 

35*5 

19 6 

54035 

10630 

19.0 

9204 

595i 

13*3 

8336 

5813 

9.1 

9533 

13*2 

7386 

5103 

8.9 

5950 

4364 

5.0 

8272 

6*3 

2318 

1526 

2.6 

4705 

3427 

38 

6347 


594 

221 

i*7 

34oi 

2412 

2.7 

3870 


4928 

3530 

5*2 

1884 

1091 

1.9 

5554 

1 

3612 

2540 

3*7 




Ring IV. 


(B f X 


4610 66,1 

4816 35.1 


4747 

4592 

4489 

4283 

2563 

310 


J 3-7 

9.24 

6*93 

3.70 


C. Heated to 900° and Quenched. 


TABLE X. 

Ring I ; = 305; c — 115; ($>■. 

X =9.68 X /. 


22.9 X d\ 


(B 

/ 

X 

4-3786 

0 

0 

3355 

.66 

6*39 

3232 

.87 

8.42 

2870 

5-3 

12.6 

2344 

5*9 

18.4 

1841 

2.32 

22.5 

33 r 

3-30 

3 T *9 

—1797 

4*55 

40.2 

2872 

4*52 

43 8 

4862 

5-50 

S3* 2 

6755 

6.90 

66.8 

5735 

4.00 

38.7 

4907 

2.08 

20.1 

4'75 

.65 

6.29 

3786 

0 

0 


TABLE XI. 

Ring II ; = 292; c —• 116; (B = 27.4 x d: 

X = 9.19 X /. 



-j-8876 

8135 

7778 

7229 

6022 


o 

3*49 

4*59 

5*97 

8.27 

12.68 

18.38 

23*43 

34*00 

43 65 

61.6 

35-8 

14.7 
6.89 
o 


TABLE XII. 


Ring II 

I; «i = 300 

c = 115; (B 

= 20.3 X d\ 


X = 

9*53 x A 


d 

(B 

/ 

X 

— 

4-8993 

0 

0 

23 

8526 

.12 

1.14 

39 

7734 

•25 

2.32 

43 

6861 

.38 

3.62 

122 

4384 

•5° 

4.76 

210 

121 

.05 

6.2 

166 

“3249 

.90 

8.58 

X92 

7146 

1.38 

53.15 

535 

9886 

2.00 

19.06 

69 

11287 

2,52 

24 02 

89 

13093 

3.60 

34*59 

54 

14189 

4*65 

44*35 

66 

55529 

6.40 

61.00 

58 

54352 

3.80 

36.21 

102 

12281 

1.60 

55 25 

66 

10941 

•75 

7*55 

34 

10251 

.40 

3*8 i 

62 

8992 

0 

0 


TABLE XIII. 


Ring IV: n x — 275; c = 122; (B 
X = 8.73 X /. 


-f-4622 

2808 

— 319 

2672 

4275 

5645 

6784 

7768 

8772 

10219 

it53* 

12284 

13326 

J 3944 

J4619 

13770 

”454 

9447 

8173 

6147 

4622 



/ 

X 

0. 

0. 

.072 

•63 

.125 

1.09 

.195 

1.70 

.268 

2.34 

.368 

3*21 

•495 

4 32 

.660 

5.76 

.865 

7-55 

1.28 

1 1.2 

1.82 

55*9 

2.25 

19.6 

3 *6o 

35.4 

4.60 

40.1 

6.30 

55*o 

3.88 

33 9 

1 58 

53 8 

•75 

6-55 

.42 

3-67 

.122 

1.07 

O. 

0. 
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TABLE XIV. 


Ring I. 


(?) 

(B r 

JC 

6715 

37S6 

66.8 

5i93 

2700 

53- 2 

3580 

1453 

44-3 

1990 

480 

31.9 

927 

114 

18.4 

389 

23 

8.6 

207 

3 

5.0 


Ring 11 . 



(ft r 

! , 1 C 

1 

13268 

8875 

61.6 

X1731 

8219 

43-7 

10291 

73°° 

33 8 

7684 

5434 

23.0 

6216 

4212 

18.2 

3818 

2401 

12.1 

1825 

919 1 

8.09 

933 

306 

5-97 

37° 

■* 

69 j 

1 

3-49 


Rxng III. 



« r 

X 

15529 

8993 

61.0 

14180 

8821 

44'3 

*3*34 

8648 

34-6 

11784 

83U3 

24.0 

10343 

7460 

19.1 

8292 

6161 

13^5 

6029 

4486 

8.58 

4273 

2974 

6.2 

2690 

1695 

4.76 

1238 

648 

3-8 

650 

203 

2.32 

264 

4i 

t 

r.72 


Ring IV. 



(?> r 

JC 

14629 

4632 

55-o 

13510 

482 s 

32 0 

11696 

4786 

17.5 

8850 

4584 

7-94 

6929 

4053 

4.52 

4883 

3H6 

2.36 

2470 

1602 

1.07 

xoj8 

546 

.63 


D. Temperature for One Hour at 100°. 

TABLE XV. TABLE XVJ. 


Ring I ; - ^05; c — 147 ; (B= 17-9 X d\ 

JC = g 68 X /• 


d 

(?) 

/ 

JC 

_ 

+37 H 

0 

0 

42 

2952 

•9 8 5 

9 53 

27 

2469 

i-5 

14.5 

S 2 

1538 

2-3 

22.3 

65 

374 

3.06 

29 6 

86 

--1165 

3-7° 

35-8 

141 

3 6 89 

4.66 

45-r 

160 

+43 

6-5 

62 9 

14 

6292 

5.66 

54-8 

86 

4753 

1.9 

18.4 

25 

4306 

1.00 

9-7 

15 

4037 

•5i 

4-9 

18 

37U5 

0 

0 


Ring II; n x — 292; c = 1 19; (ft = ?6 75 X d; 

JC = 9 19 x /. 


d 

(ft 

/ 

jc 

_ 

+8719 

0 

0 

45 

75 T 5 

•53i 

4.88 

23 

6900 

•703 

6 46 

52 

5509 

•938 

8.62 

180 

694 

1.4 14 

13.00 

171 

—3880 

2.09 

19.20 

99 

6528 

2.66 

24.44 

T 35 

10139 

3 <93 

36.12 

58 

11690 

5-07 

46.59 

57 

*3215 

7.2 

66.17 

38 

12197 

4-15 

38.14 

56 

10699 

1.65 

15.16 

26 

X0003 

.832 

7-f>5 

20 

9468 

.488 

4.48 

28 

8719 

0 

0 


TABLE XVII. 


Ring III; — 300; c 119; (ft = 

(IC = 9 53 x /. 

19.6 x d\ 

d 

(ft 

/ 

(JC 


+8507 

0 

0 

67 

7i 74 

.278 

2.65 

47 

6253 

.388 

3-70 

*47 

3372 

•534 

5 09 

195 

— 450 

.707 

6.74 

155 

3488 

.940 

8 96 

183 

7075 

1.412 

13.46 

127 

9564 

2.08 

19.82 

65 

10838 

2.63 

25-05 

87 

12543 

3-83 

36 St 

52 

13562 

4 • C} 2 

46.89 

66 

14856 

6.9 

65-75 

59 

13701 

4.08 

38.88 

102 

11702 

1.66 

i5-5o 

5i 

10702 

•935 

8.42 

43 

9859 

,492 

4.69 

69 

8507 

0 

0 


TABLE XVIII. 


Rnig IV; n x = 275; c — 136; (?> = 17.3 X d\ 



jc = 

8.73 x /. 


d 

CB 

/ 

JC 

— 

+4921 

0 

0 

125.5 

2750 

.08 

.70 

152. 

I2> 

.129 

1.13 

* 

—237I 

.200 

5-75 

97. 

4049 

.277 

2.42 

86.5 

5545 

.388 

3-39 

71- 

6 773 

-532 

4.64 

60. 

7811 

•705 

6.15 

60. 

j-i 

8849 

•938 

8.19 

87. 

io 354 

1.410 

12.31 

80. 

11738 

2.10 

18.33 

46. 

12534 

2.65 

23.13 

63. 

13624 

3-88 

33-87 

34 - 

14212 

5 00 

34-65 

38. 

14869 

7.01 

61.20 

48. 

14038 

4.11 

35 9 

129. 

11806 

1.67 

14.6 

148. 

9246 

.623 

5-44 

x 39* 

6841 

.174 

1.52 

hi. 

4921 

0 

0 
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TABLE XIX. 


Ring I. 

Ring II. 

Ring III. 

Ring IV. 

UJ m 

ffi r 

X 

(B m 

ffi r 

np 

. 


(B f 

X 

(B m 

(B r 

X 

6543 

3813 

2542 

1898 

1235 

734 

292 

134 

37H 

1718 

788 

4°3 

179 

72 

14 

9 

62.9 

45-i 

35-9 

29.2 

22.3 

14 7 

6.56 

3-°5 

13215 

11690 

io 339 

7944 

6 393 

4066 

1832 

S89 

254 

8721 

8078 

7303 

5644 

4440 

2675 

923 

134 

27 

66 2 

46.3 

35-8 

24.4 
19.2 
12.96 

8 58 
4.87 
2-55 

14857 

12573 

9918 

7987 

5860 

4253 

2675 

1215 

6l7 

8487 

8222 

7174 

5939 

4371 

3077 

1754 

568 

186 

65.7 

36 3 

19 8 

13-34 

8.92 

7.00 

5.04 

3-65 

2.65 

14868 

12568 

10392 

7923 

595i 

3720 

2405 

1263 

4921 

4904 

4794 

4429 

3702 

2457 

1557 

727 

61.2 

=3-3 

22.35 

6.17 

3*40 

*•75 

1.05 

.72 


GL Temperature at 200°. 

TABLE XX. TABLE XXL 


Ring I; 

711 = 292 ; 

x = 

2 = 1x4 ; (B = 
9.27 x /. 

23.1 X d\ 


Ring I. 

d 


1 

x 



(B f 

X 

„ _ 

+4662 

0 

0 


7834 

4662 

64.0 

I 7 -S 

4258 

•515 

4.78 


5215 

2665 

45-4 

5 

4143 

.685 

6-35 


3211 

1205 

35-2 

9 

3935 

• 9 T 5 

8 48 


1655 

339 

24.0 

20 

3473 

1.385 

12.8 


462 

46 

8.44 

33 

2711 

2.05 

19. 


166 

s 

3-5 

36 

1880 

2.60 

24.1 





136 

—1258 

38 

35-2 





146 

4627 

4 9 

45-4 





239 

7834 

6.9 

64.0 





44 

6820 

4.00 

37-3 





49-5 

5690 

1.60 

14 8 





' 26 

5078 

.612 

5.67 





18 

4663 

0 

0 






H. Tempered at 300.° 

TABLE XXII. . TABLE XXIII. 


Ring I; 

n x = 3°°; c ~ 12 7; (B = 
X = 9.56 X d. 

20.7 X d ; 


Ring II; 

n x — 300; c — 129; (B = 
X = 9-44 X /. 

= 24.7 X d ; 

d 

(B 

/ 

X 


d 

& 

/ 

UV 


+8931 

0 

0 


_ 

4-9399 

0 

0 

6 3 

7628 

.922 

8.81 


60 

7916 

.506 

4.78 

43 

6738 

1.401 

13-38 


27 

7249 

.670 

6.32 

82 

5041 

2.09 

19.98 


74 

542i 

.890 

8.40 

127 

2412 

2.64 

25 24 


164 

1370 

1-155 

11.13 

275 

—3281 

3-*4 

30.02 


242 

—4607 

x.6o 

15.10 

250 

8455 

3-79 

36.2 


127 

7744 

x.99 

18.79 

134 

H229 

4.94 

47.2 


86 

9868 

2.49 

23-5 

97 

13237 

6-95 

66.4 


85 

11968 

3.60 

34-o 






42 

13C05 

4.62 

43-6 

3 s 

12450 

4.8 

45*9 


48 

14190 

6.42 

60.6 

88 

10628 

1.76 

16.8 






82 

8031 

0 

0 


37 

13276 

3 ' 8 0 

35-9 






72 

1x498 

i -338 

12.65 






43 

10436 

•55° 

5.19 






42 

9399 

0 

0 
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TABLE XXIV. 


TABLE XXV. 


Ring III; n x ~ 295; 

c = 129; (B 

= 18. x X d\ 

Ring IV 

; n x =S 300; 

c — 128; (B 

= 18.4 X d ; 


3 C = 

9.69 x /. 




9 ■ 5 2 X d . 


\d 

(B 

/ 

JC 

d 

(B 

/ 

ne 

— 

4-8905 

0 

0 

_ 

+5640 

0 

0 

58. 

7855 

.263 

2 55 

127. 

3303 

.077 

•73 

33 - 

7258 

.370 

3-58 

156. 

433 

. x 20 

X .14 

66. 

6063 

•505 

4.89 

153. 

—2382 

.192 

x.S; 

225. 

1990 

.670 

6.49 

XOI. 

4240 

.267 

0 n 

226. 

—2101 

.890 

8.62 

90. 

5896 

-375 

J 57 

255 . 

6717 

1.352 

13.08 

70. 

7x84 

.5x0 

4 .So 

101. 

9631 

2.00 

19.4 

61. 

8306 

.674 

0.42 

73 - 

10952 

2-55 

24.7 

62. 

9447 

.897 

8.54 

93 - 

12635 

3-72 

36.0 

87. 

11048 

1.355 

1Z.9 

56.5 

13658 

4 80 

46.5 

73 - 

12391 

2.00 

19.0 

70-5 

T 4934 

6.78 

65>7 

38. 

13090 

2.51 

2 {.9 

59 - 

13866 


38.0 

44-5 

13909 

3-6 

„i 4 "> 

3.02 

23. 

14332 

4.6 

43 8 

125* 

11603 

J *34 

13.0 

27. 

14829 

6.3 

60. 

72 . 

10300 

•550 

5-33 




77 . 

8906 

0 

0 

32-5 

14232 

3.82 

36.4 





57 - 

13184 

2.02 

19.2 





96. 

114x7 

X .02 

9 71 





99 * 

9595 

•49 

4,66 





lit. 

7553 

•154 

1.47 





105. 

562 X 

0 

0 


TABLE XXVI. 


Ring I. 

Ring II. 

Ring III, 

Ring IV. 


<B r 

3 C 


(B r 

3 C 

<B 

<B r 

OC 




X3237 

11168 
9656 

72x4 

3926 

8932 

7628 

6552 

4398 

16x0 

66.4 

46 5 

35-6 

29.25 

24.85 

14x90 

12029 

8596 

6793 

3940 

2x86 

9399 

8793 

6595 

5064 

2680 

1223 

60.6 

34.0 

18.9 

15-1 

ir.13 
8.4 

*4934 

12679 

9909 

7792 

5100 

33 JO 

X548 

8905 

8624 

7475 

6036 

3969 

2367 

869 

65.7 

36.2 

* 9-4 

13.X 
8.6 S 
6.5 

4.9 

14830 

12402 

8409 

5x61 

2511 

5640 

56x2 

503 s 

3542 

*739 

60.0 

U). 0 

0.4 

2*5 

*•*3 

* 


I. Tempered at 450 °. 

TABLE XXVII. TABLE XXVIII. 


Ring I; 

n x = 300; 

, 7 C = 

c = 127; (B= 
9-56 x /. 

= 20.7 x 

d 

(B 

/ 


—. 

+12198 

0 

0 

37 

*1431 

•513 

4 9 2 

15 

III2T 

.676 

6 A.A 

26 

IO583 

.900 

8.6 

87 

8782 

1.368 

13.1 

85 

7022 

1.62 

15.5 

95 

5056 

X 80 

17.2 

98 

3027 

1.89 

x8 x 

250 

—2143 

2.00 

19 1 

211 

6516 

2.17 

20.7 

123 

9062 

*•35 

22.5 

94 

1x008 

2.68 

25 6 

p 

«359 

3.22 

30.8 

69 

13782 

4.48 

42 8 

62 

15065 

7.00 

66.9 

69 

13637 

2.00 

19.1 

25 

X 3 H 9 

1.015 

9 7 

44-5 

12x98 

0 

0 


Ring II; n l = 300; c = 127; (B 
3 C = 9.44 x /. 


88 

163 

t 3 o 

T 45 

133 

173 

57 

61 

3 i 

34 

28 

48 

36 

64 


(B 


-{-11207 

8998 

7643 

3552 

289 

—3351 

6689 

H031 

1246a 

*3993 

14771 

15624 

14921 

137x6 

12812 

11206 


/ 


o 

-V 

•673 

.895 

X.OXX 

>•*57 

*- 3 S* 

2.00 

2 >54 

3*65 

4.7 

6.49 

3 86 

x ,6 

•754 

o 


35.1 x </; 


JC 


a 

4,81 

6.35 

8 - 4 5 

9 - 53 
X0.9 

12.74 

18.88 

24.0 

34.46 

44 37 

6 C.3 

36.4 
15,t 
7.X2 
o 
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TABLE XXIX. TABLE XXX. 


Ring III; = 300; c = 127; (B = 
3C X 9.53 x /. 

= 18.4 X d \ 


Ring IV: ni — 300; c — 126; (B : 

3C = 9-52 X /. 

= 18.7 X d \ 

d 

(B 

I 

3C 


d 

(B 

/ 



4-9890 

O 

0 



4-6189 

0 

0 

36 

9228 

.136 

i -3 


139 

3590 

.078 

74 

112 

7167 

•373 

3-55 


175 

318 

.120 

1.14 

220 

3119 

.51 

4 86 


175 

—2954 

.190 

1.81 

200 

— 561 

.626 

5-97 


112 

5049 

.262 

2 49 

60 

1665 

.676 

6.44 


102 

6956 

•375 

3*57 

221 

573 1 

.90 

8 58 


76 

8377 

.570 

5-43 

222 

9816 

T.368 

* 3 -* 


66 

9611 

•673 

6.41 

123 

12079 

2.03 

19-3 


66 

10845 

.896 

8-53 

58 

13146 

2.6 

24.8 


79 

12322 

i -35 

12.85 

75 

14526 

3-8 

36.2 


46 

13182 

2.00 

19.O 

4 * 

15280 

4.88 

46.5 


19 

13537 

2.54 

24.2 

42 " 

16053 

6.82 

65.0 


25 

14005 

3 60 

35-3 






*7 

14323 

4.60 

43-8 

* 38 

15354 

4.02 

38.3 


23 

14753 

6 26 

59-7 

93 

13643 

1.62 

15.44 






61 

12521 

.902 

8.60 


47 

13874 

2.60 

24.8 

57 

1x472 

•459 

4-37 


46 

13014 

*•*5 

10.95 

86 

9890 

0 

0 


73 

11649 

.649 

6.18 






163 

8601 

.169 

1.61 






129 

6r8g 

0 

0 


TABLE XXXI. 


Ring I. 

Ring II. 

Ring III. 

Ring IV. 

(B m 

(B r 

ae 

(Bm 

ffi r 

oc 

(B m 

<B. 

a 

3C 


<B r 

3G 

15065 

12689 

10205 

6231 

3167 

932 

12198 

10536 

8*97 

4^47 

1615 

186 

66.9 

31 0 

22 2 

J 8 35 
i5-5 
8.68 

15624 

13855 

11031 

793 2 

46x6 

1852 

803 

11207 

10617 

8923 

6350 

3388 

1000 

276 

61.3 

34-4 

18 9 
12.74 

9-5 

6.89 

4.81 

16053 

14545 

10966 

9052 

6357 

4811 

2668 

530 

9890 

9743 

8446 

7231 

4996 

3670 

1766 

*53 

65.0 

36.2 

15-6 

XI.25 
7.8 
6.00 
4-38 

2 28 

*4753 

10892 

7237 

2552 

6189 

5975 

4825 

1748 

59-7 

8-49 

3-54 

z.14 


K. Annealed. 


TABLE XXXII. TABLE XXXIII. 


Ring I; n x = 300; c = 127; (B = 21.5 X d \ 
3C = 9.54 X /• 


d 

(B 

/ 

3C 

- r 

+6751 

0 

0 

US 

4278 

.500 

4.77 

77 

2623 

.66 

6-3 

*33 

— 237 

.88 

8.4 

181 

4128 

*•33* 

12.7 

128 

6880 

2.00 

19.1 

67 

8321 

2.52 

24.0 

95 

10363 

3.62 

34-5 

60 

11653 

4.62 

44.1 

75 

13266 

6.42 

6r.2 

45 

12298 

3 - 8 i 

36.3 

101 

10127 

*•57 

150 

52 

9009 

.89 

8.5 

45 

8041 

■45 

4.29 

60 

6751 

0 

0 


Ring II; = 300; = 127; (B = 25-5 X d \ 

5C’= 9.44 X /. 


d 

(B 

I 

5C 

___ 

+ ic8 38 

0 

0 

99 

83*3 

.190 

1.79 

*47 

4565 

.265 

2.50 

250 

— 1810 

•370 

3-49 

146 

5533 

.500 

4 72 

94 

7930 

.660 

6.23 

7*-5 

9753 

.878 

8.29 

74 

11640 

1.328 

* 2-55 

50 

12915 

2.00 

18.9 

24 

*3527 

2 50 

23.6 

33 

*4369 

3-6o 

34.0 

20 

14879 

4.60 

43-4 

25 

iSS 2 ^ 

6.30 

59-5 

27 

T4841 

3.78 

35-7 

42 

13770 

*•55 

14.63 

3 * 

12980 

•745 

7-03 

22 

12419 

.418 

3-95 

62 

10838 

0 

0 
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TABLE XXXIV. 


TABLE XXXV. 


Ring III; n } = 300; c = 127; (&= 18.8 X d ; 
CfC = 9 52 X /. 


d 

(B 

/ 

3 C 

— „ 

-j-10105 

0 

0 

85 

8 507 

.110 

1.05 

84 

6928 

.170 

1.62 

212 

2942 

.230 

2.19 

142 

272 

.27 

2.57 

262 

~ 4635 

•37 1 

3-53 

158 

7605 

.506 

4.81 

99 

9469 

.669 

6-37 

78 

10932 

.888 

8.36 

82 

12474 

1-349 

12.84 

56 

T 35 2 7 

2.10 

20.0 

28 

14053 

2.59 

24.6 

38 

14767 

3-75 

35-7 

23 

i5i99 

• 4.84 

46.0 

31 

15782 

6.8 

65.0 

35 

15124 

3-99 

38.0 

53 

14128 

1.60 

15-23 

35 

T 347° 

.885 

8.43 

32 

12868 

•55° 

5-23 

M7 

X0I04 

0 

0 


Ring IV; n x — 300; c = 127: (B- 
J€ — 9.52 x /• 

~ 19.0 X d ; 

d 

(B 

/ 

3C 

MM 

-j-6764 

0 

0 

143 

4047 

.055 

•53 

222 

— i 7 i 

.085 

.84 

140 

2S31 

. x 16 

1.10 

142 

5529 

.182 

1 -73 

69 

6840 

.258 

2-45 

54*5 

7876 

.365 

3-47 

37-5 

8588 

.50 

4.76 

28.5 

' 9 1 3 ° 

.66 

6,28 

25 

9605 

.876 

8.34 

29-5 

10165 

1.322 

12.68 

22 

10583 

i -95 

18.6 

3 ' 2 

11191 

3-55 

33-8 

33*5 

11828 

6.10 

58.1 * 

44 

10992 

2-54 

24.2 

27 

10479 

1.278 

12.19 

20.5 

10089 

.782 

7.44 

21 

9690 

.508 

4.84 

48 

8770 

.200 

1.9 

38 

8056 

.09 

.86 

68 

6764 

0 

0 


TABLE XXXVI. 


Ring I. 

^Bm 

(B r 

3L 

13266 

6751 

61.2 

10428 

6343 

36.3 

8546 

5686 

24.0 

5278 

3795 

12.8 

3064 

2118 

8.48 

18 66 

1178 

6.37 

537 

193 

3-53 


Ring II. 


a 

3 

ffi r 

3C 

15520 

10838 

59-5 

13490 

10277 

23.6 

10226 

8237 

8.30 

73^9 

5840 

4.72 

53 r 7 

4066 

3 49 

2754 

1S11 

2.50 

1033 

446 

i-79 


Ring III, 


<Bm 


3C 

15782 

10105 

65.0 

H645 

9926 

35.8 

12446 

9475 

12.8 

9673 

7830 

6.28 

6514 

5349 

3*51 

4033 

3149 

2.50 

2613 

1871 

2.17 

1156 

686 

1.61 


Ring IV. 


cB r 

3 C 

U828 

6764 

58.1 

It298 

6802 

12.45! 

8854 

6403 

4-75 

627O 

4931 

1 - 74 ' 

4636 

3610 

x.12 

3268 

2508 

.82 

665 

247 

•S 2 


L. IIe-annealed. 
TABLE XXXVII. 


Ring II. 



« r 

3 C 

14813 

7717 

61.0 

13611 

7691 

35-9 

10993 

7274 

16.25 

8615 

6085 

8.69 

7033 

5161 

6.14 

3605 

2543 

3.21 

936 

405 

1.89 


Ring III. 



(B r 

OC 

T 55 r 7 

9507 

59«o 

*343# 

9299 

18.2 

I0 943 

8259 

8,08 

8240 

6615 

4-59 

6502 

5207 

3*36 

3969 

3005 

2.59 

2552 

1843 

2.0 

1087 

633 

1.48 
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TABLE U. 


King I. 

(B m 

(fc r 

3 C 

13847 

7966 

61.5 

133*5 

7960 

48.7 

12180 

7956 

37-8 

10120 

7«°4 

26.3 

7112 

5 2 93 

16.2 

3637 

2481 

10.2 

* 4=5 

724 

7.1 


a. Kings in the original state. 

The measurements of rings gave the following data: 


Ring I, 

Mean diameter. 12.607 cm. 

Volume. 95.099 cm* 

■Cross-section. 2.401 cm 2 


Ring II. Ring III. 

12.699 cm. 12.63 cm. 

80 637 cm' 3 109.29 cm 1 

2.021 cm 2 2.754 cm 3 


Ring IV. 

12.607 cm. 
107.99 cm 3 
2.727 cm 2 


As I stated before, these measurements were repeated every 
time after the rings had been subjected to a high temperature, so 
after the following steps: b, c, k and l. Each time a small de¬ 
crease of the cross-section was observed. 

In the original state, the hysteresis curves for only one max¬ 
imum magnetizing field (CJC) of about 60 were determined, except 
for King i, for which the value of 5C was varied. 

The hysteresis curves show strongly the influence of carbon, 
the area of the loops diminishing with the decreasing percentage 
of carbon. The mild steel shows, indeed, a curve very similar 
to that of wrought iron. The maximum induction, taking the 
rings in the order i, ii, in, has the values: 18840, 15070, 15290 
lines of magnetic force, while the magnetizing force was veiy 
nearly the same in all cases. The corresponding coercive forces 

are 8.6, 2.7 and 3.6. 

B . Rings heated to 675° and quenched.— The rings were 
then introduced into furnaces, which were well heated before¬ 
hand. On the bottom of the muffles was put a sheet of asbestos 
and over this two strips of the same material, on which the ring 
was placed. In order to prevent oxidation as much as possible, 
charcoal was put in the opening of the muffle. The heating to a 
dull cherry-red took about eight minutes. Then the ring was 
withdrawn quickly and quenched in water at 5 C. 

Kino- i has become magnetically harder, <?., the maximum 
induction for the same magnetizing field has decreased, the per¬ 
meability, especially for low fields, is smaller, and the coercive 
force increased to more than twice its original value. 
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The iron ring shows an increase in permeability, which may 
be explained by a previous mechanical hardening, when it was 
turned to its proper shape. 

In rings n and in there is no sign of magnetic hardening, 
the principal influence of this treatment being the remarkable 
drop of the reinanence, while the maximum induction remained 
almost unchanged. The permeability, on the other hand, de¬ 
creased a little. This sudden and unexpected drop in rctentivity 
will again be met later on and discussed there more fully. 

It is apparent that we have not passed the temperature at 
which low carbon steel is hardened. It is w r ell known that the 
second and third point of recalescence for low carbon steel lie at 
a higher temperature than the corresponding point in the high 
carbon steel, which apparently had already been passed in the case 
of the high carbon steel. It is, therefore, probable, though I do 
not consider this experiment as an absolute proof, that the mag¬ 
netic hardening takes place when steel is quenched after it has 
been heated to the same temperature at which recalescence occurs, 
i. e., the critical temperature, at which, according to Ilopkinson 
and others, iron loses its magnetic properties. 

c. Rings heated to a little above 900° and quenched in ice- 
water of 5°.—The heat treatment was the same as in n, but the 
temperature was raised beyond the third point of recalescence of 
the low carbon rings. 

All the steel rings show the hardening effect, the same being 
the smaller the less carbon the steel contained. 

The high carbon ring (i) shows a decided increase in the hys¬ 
teresis loss, which is much greater than the increase due to the 
first heating. While the first time the temperature was raised 
only a little beyond the point of recalescence, it was this time at 
least 250° higher. We draw therefrom the important conclu¬ 
sion that steel becomes magnetically the harder , the more the tem¬ 
perature is raised beyond the recalescent point . The passing 

of this point by only a few degrees is not sufficient for the max¬ 
imum effect. 

The hysteresis curves for the steel rings are given on Figs. 
1-3, the maximum induction (<B m ) and remanence (Cft r ) as a func¬ 
tion of the magnetizing force on Fig. 4, and (ft r as a function of 
(ft m on Fig. 5. 

d. Rings reheated to 100 ° for one hour.— The corresponding 
curves are marked by crosses on the plates and are drawn only 
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for the low carbon rings, the change being very small for the 
high carbon steel. The influence of this step becomes more 
apparent the less carbon the steel contains, and it consists in a 
lowering of (B m as well as (B r in Kings u. and in., and in a slight 
raising of the same quantities in King i. The coercive force in 
in. has become slightly larger. The low carbon steel becomes , 



therefore , magnetically harder when it is reheated to 100 . This 
result is consistent with the observations of Barus and others ? 

mentioned above. 

e. and f. Rings were heated to 100 0 for 24 hours. The heat 
treatment was the same as in the preceding case, except that the 
time of the heating was increased. I do not give the results, 
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since no decided change takes place. The curves almost coincide 
with the preceding ones, though there is an unmistakable increase 
of permeability, especially for small magnetizing fields, this 
change being largest for the high carbon steel. We have, there¬ 
fore, a more or less pronounced influence of the time during 



which the rings were subjected to this temperature, consisting 
m a slight increase of permeability. 

a. Bings reheated to 200°.—Apparatus for the heat treatment: 
On the top of the heating table were placed two strips of asbes¬ 
tos, on this a disk of the same material with a round hole in the 
middle, then a layer of iron turnings and on this the ring. The 
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whole was surrounded with an asbestos ring, which was filled 
with iron turnings, so that the ring was entirely imbedded in the 
same. The temperature was read by means of a thermometer, 
which was placed so as to touch the ring inside. By the arrange¬ 
ment described, uniform distribution of heat from the centre was 



procured. As soon as the temperature rose to 200° the ring was 
withdrawn and allowed to cool in the air. 

I give the results for Ring i. only, the others showing a very 
.small increase in magnetic induction. 

We will see from the comparison with the data given later on 
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that the increase of induction is comparatively small in all rings. 

h. Rings reheated to 300°.—The heat treatment was prac¬ 
tically the same as in a. 

All rings show a decided increase in permeability, the change 



being the smaller the less carbon the steel contains. The curve 
for Ring m., indeed, coincides so nearly with that of the hardened 
ring that the points corresponding to this step could be indicated 
only by dots in the plates. The wrought iron ring, that so far 
showed no sign of a change, has a larger permeability for small 
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fields than it had before. By comparing the curves on Fig. 4, 
we see a decided tendency towards an increase of the remanence 
for any given value of maximum induction. This will become 
more and more decided as we increase the temperature to which 
the rings are reheated. 



The most important and rather unexpected result of this step 
is the sudden very large increase in the maximum induction of 
Ring i. The number of lines of magnetic force has almost 
reached the value the ring had before it was heated at all. 
Therefore, whatever change in the chemical or physical consti- 
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tution of the ring produces the change in the magnetic proper¬ 
ties, it is largest for the high carbon ring between 200° and 300°, 
i. e., at a temperature which corresponds to that of the blue tem¬ 
per of steel. 

i. Heated to 450°.—Heat treatment was practically the same 
as in g. 

"We observe a further increase of permeability and induction for 
all rings. The change for Ring i. is only about one-third of the 
one in the preceding case, while we have a comparatively large 
change for Rings n. and nr., corresponding to the large difference 

in <B m of Ring i., observed before, and to be attributed to the same 
causes. 

It is to be noticed that, though the magnetic flux has prac¬ 
tically reached its maximum for the field strength used, the value 
of the coercive force is still quite large in comparison with the 
corresponding value for the rings in the original state. The 
remanence for Ring i. is larger after this step than in any other. 
The substance is Crescent steel, i. e magnet steel. It is ap¬ 
parent that, in order to make strong magnets, it will be ad¬ 
visable to reheat the quenched steel to about 450°. The magnets 
could be made more than twice as strong as if simply the hard¬ 
ened steel is used. Though I worked with closed magnetic cir¬ 
cuits, the influence of the ends of the magnets will be the same 
m the two cases. It is of importance that the coercive force did 
not decrease nearly as fast as the remanence increased. Another 
factor in the making of magnets is their permanency. I men¬ 
tioned the usual method of making permanent magnets in the 
introduction, and think that a similar treatment, by extending 

the range of temperature to 450°, will ensure permanency and 
produce stronger magnets. 


k Rings annealed.—The rings were again placed in muffles 
and heated to a bright red heat, the arrangement being the same 
as mis and c. After the temperature of about 850° was reached, 
the hre was banked and the rings allowed to cool inside tlie 

muffles. Charcoal was put in the mouth of the muffles. ' This 
treatment took about 24 hours. 


The rings hare become magnetically soft. While in the Kin o- s 
ii. and in. the saturation point was practically the same.as before, 
the coercive force decreased to its smallest value, this last step 
emg the largest m the whole series for the coercive force, 
n the high earbon steel and the wrought iron, we tind a re- 
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markable decrease in (B m , accompanied in King i. by a still greater 
decrease of (55 f , while in the iron (£ r increases with respect to 
(B m . These changes can very plainly be observed on Fig. 5, 
where 05, is plotted as a function of G5 m . The curve obtained 
for King i. differs entirely from any of the curves taken after the. 
ring was hardened, but it shows a great similarity to curve a 
taken in the original state. 

Hoping to obtain similar curves for the other two steel rings 
they were again annealed, the temperature this time being raised 
to nearly 1000°. Cooling took place in the same way as before. 

l. j Reannealed. 

JJoth rings show the decided decrease of (B r and the different 
character of the curve. The one for King hi. is indicated by dots, 
only, and coincides partly with curve i. In both cases there is a 
great similarity with the curves b, obtained by heating the origi¬ 
nally annealed steel to a high temperature below the point of re- 
calescence and suddenly quenching. It almost seems that the 
steel by this process has become a different substance. These 
curves show more the characteristics of the iron (see ring iv. on 
Fig. 5) than of steel. Houston and Kennelly’s law does not 
hold for nearly as wide a range as before. I believe that the 
effect observed in the last step is not an immediate effect of an¬ 
nealing, but that it is the conditions under which cooling takes 
place, that influence largely the retentivity of steel. 

Steel heated to a high temperature below the point of reealeseenee 
and suddenly quenched as in b, will very easily lose its magnet¬ 
ism. This seems to me of practical importance. The maximum 
induction being the same, and the remanenee a great deal smaller 
than in the ordinary state, it is apparent that the hysteresis loss will 
be much smaller, and therefore very mild steel, as our Ring in., 
treated in the way indicated above, is preferable to the ordinary 
mild steel used in transformers or other instruments, in which 
cyclic processes take place, if the induction is carried to high values. 

Since the hysteresis loss has been found to increase appreciably 
in transformers after they have been used for some time, it is of 
great importance to investigate whether a similar effect takes 
place in steel treated in the manner suggested. A series of such 
experiments would be very valuable from a practical point of view. 

In 1890, Osmond {Phil. Mag. 29, 511,1890) advanced a theory 
according to which a bar of steel consists of an intimate mixture 
of a iron (magnetic) and /? iron (unmagnetic). He considers the 
ft modification as forming in a steel a porous framework, the ratio 
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between the amount of a iron and /9 iron not changing under the 
influence of currents and of magnets. u In the presence of the 
rigid network of /? iron the polarized a particles are conceived as 
catching in the pores of the ft structure and immovable in this 
position, thus resulting in a permanent magnet.” Moreover, he 
supposes the temporary induction and the remanence to be a 

function of the ratio where on is the percentage of a iron, and 

n the percentage of /? iron in the steel. Let f mp and np (Fig. 6) 
represent the corresponding values; then the maximum induction 
is proportional to mp, the residual to mr. Further suppose, that 

the fraction of the maximum in¬ 
duction forming the remanence 
(r) is proportional to the amount 
of /? iron ( n ); he then derives 
the formula 


V 



r- 


K 


(m 


m~ \ 

loo/ 


K\x 




Fig. 6 . 


Consequently the remanence is 
represented by a parabola starting 
from 0 upward and meeting the 
X axis at a point corresponding 
to 100$ a iron. 

Suppose this theory to be correct, then by a change of /? iron 
to a iron the difference between the maximum induction and the 
remanence increases. My experiments show that this does not 
take place by reheating the hardened steel. (Compare results 
represented on Figs. 4 and 5.) On the contrary, the difference 
becomes smaller. We cannot assume a transformation of a iron 
to i8 iron, since the permeability increases decidedly on reheat¬ 
ing. On the other hand, the sudden drop of the remanence 
observed before the point of recalescence is reached, would cor¬ 
respond very well to Osmond's theory, if we suppose a trans¬ 
formation of /3 to a iron has taken place. 

I believe that we have also to take the influence of the carbon 
compounds into account, which has not been done by Osmond. 
Let us assume that the reheating has such an influence on the 
iron in the iron ring and on the carbon compounds as to decrease 
the relative distance (Fig. 6) between the maximum induction and 
the remanence, and that the rate of this change decreases, the 
higher the temperature to which the rings are reheated. Probably 
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the process producing this change, whatever its cause may be, is 
completed at high temperatures. If besides this there is any other 
influence present producing a relative drop of the reinanence as 
should be expected from Osmond’s theory, when not a iron changes 
to a iron, this latter effect is masked at the beginning by the effect 
mentioned first, but it becomes more apparent the higher the 
temperature and fhe smaller the change connected with the rela¬ 
tive increase of the remanence. Finally at still higher tempera¬ 
tures only the influence of the transformation of non-magnetic 
iron to magnetic iron remains, the other process being practically 
completed. 

Figs. 4 and 5 show that, while in the iron ring in which there 
is no ft iron, only the first influence can be observed, we have 
both effects in the steel rings; here the second influence does 
not appear, until we have almost reached the point of recalescence, 
and it is the more prominent, the harder Jthe steel or (with 
Osmond) the more non-magnetic iron the steel contains. 

The results of this research may be summarized as follows: 

1. The point at which steel becomes magnetically hardened 
by quenching, lies at different temperatures, according to the 
amount of carbon contained. It is considerably lower in high 
carbon steel than in low carbon steel, and corresponds closely 
to the different temperatures at which recalescence occurs. 

2. The higher above the point of recalescence steel is heated 
before being quenched, the harder it is magnetically. 

3. The magnetic hardening produced by quenching is the 
larger, the higher the percentage of carbon. 

4. .Reheating has in general a softening effect upon the mag¬ 
netic properties of hardened steel, i. e., the permeability in¬ 
creases, and is accompanied by an increase of maximum induc¬ 
tion and a decrease of the coercive force. But a hardening is 
noticeable in the low carbon steel after it has been reheated for a 
short time to 100°. The greatest change in the maximum induc¬ 
tion takes place for high carbon steel between 200° and 300°, for 
low carbon steel between 300° and 450°, beyond which tempera¬ 
ture there is hardly any change in the practical limit of satura¬ 
tion. All change taking place in reheating beyond 450° consists 
in an increase of permeability for small magnetizing forces, i. e. y 
a decrease in the coercive force or hysteresis loss. 

5. To produce strong magnets, the hardened steel should first 
be reheated to 450°. 
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6. Heating to a high temperature below the point of recales- 
cenee and sudden quenching, produces a steel with a very weak 
retentivity if the value of the magnetizing force has been large; 
in consequence of which the hysteresis loss in a cycle is greatly 
decreased. This result may also be obtained, though in a lesser 
degree, by annealing at a very high temperature. 

I am greatly indebted to Mr. L. F. Morehouse, one of my 
students, for the valuable assistance rendered me in most of the 
experiments. 

Physical Laboratory of the University of Michigan. 

March 13th, 1897. 


Discussion. 

Prof. Henry S. Oarhart: — The Bearing of this Investiga¬ 
tion on the Theory of the Constitution of Steel . The chemical 
composition of the steel and iron, whose magnetic properties Dr. 
Ghithe has investigated, has been carefully determined. This was 
done because one of the chief objects in view was the bearing of 
the magnetic properties of steel and iron on the theory of their 
composition. The theory of steel has been studied by means of 
chemical analysis, by its microstructnre and by its mechanical 
and magnetic properties. Dr. Guthe’s paper connects the first 
method and the last two. ' 

The old carbon theory of the hardening properties of steel and 
its corresponding changes in magnetic properties, has been 
strongly opposed by the most recent allotropic theory, of which 
Osmond, of Paris, and Koberts-Austen, of London, are perhaps 
the most conspicuous supporters. This theory appears to be based 
on the known chemical and structural changes which the carbon 
undergoes when the metal is raised to high temperatures, and on 
the recalescence or retardation points of iron. 

Osmond distinguishes three allotropic forms of iron, which he 
calls a iron, /3 iron, and j iron respectively. For the present 
purpose we need to distinguish between the a and /3 forms only. 
The a iron is magnetic, the /3 form non-magnetic. 

The first point of recalescence, or of the retardation which 
iron exhibits either in the process of heating or of cooling, is 
from 640° to 690° C. Below this temperature, annealed low car¬ 
bon iron consists almost entirely of a iron. The point of retarda¬ 
tion of the temperature on cooling is about 30° lower than on 
heating, or the iron exhibits another characteristic form of hys¬ 
teresis. Iron containing more than about 0.5 per cent, of carbon 
has only this first point of retardation. It is denoted by A x . 

The second retardation point in low carbon iron, called A 2y 
occurs at temperatures between 700° and 750° C. Iron having 
less than 0.5 per cent, carbon and more than 0.25 per cent, ex;- 
hibits this second point of retardation in addition to the first. 



1897.] 


DISCUSSION IN NEW YORK. 


81 


The third point, denoted by A s , lies between 800° and 850° C. 
Iron containing less than 0.25 per cent, of carbon has all three 
points of retardation in heating and in cooling slowly. 

When carbon is present in sufficient amount, it has the power 
of lowering the temperature of both upper points of retardation 
to that of the first, so that high carbon iron exhibits only the one 
point. 

At these points of retardation, iron changes its allotropie form 
and these changes are accompanied by changes in the chemical 
composition of the carbide of iron and its distribution or diffusion 
through the mass of the iron. Such allotropie changes correspond 
to a critical change of energy. The passage of iron from one 
allotropie form to another is attended with evolution or absorp¬ 
tion of heat. Professor Koberts-Austen defines allotropy as fol¬ 
lows : “ Allotropy is a change of internal energy in an element 

at a critical temperature, unaccompanied by a change of state.” 
When iron is heated to the point A u the heating is temporarily 
arrested with more or Less suddenness, and heat is absorbed. On 
lowering the temperature, the cooling is arrested at a sensibly 
lower temperature, and heat is evolved 

During these allotropie changes on heating, energy is ab¬ 
sorbed at the critical points, as the metal passes from a more 
stable to a less stable condition. When it cools slowly, the stored 
energy is given up again at the corresponding points of retarda? 
tion on the curve of cooling, as the iron reverts to its more stable 
form. But when steel is suddenly cooled by quenching, Osmond 
and ITowe have shown that there is no point A .; or, in other words, 
the iron exhibits no retardation, and retains the energy absorbed 
at the retardation points on the curve of heating. It is then 
assumed that other properties above the critical range of tem¬ 
perature are retained along with the absorbed energy. In general, 
the heat of combination of quenched steel is appreciably larger 
than that of the same steel which has not been hardened by 
quenching. Some anomalies in this branch of the subject, how¬ 
ever, await a satisfactory explanation. 

Sauveur has recently shown by microscopic examination, that 
a marked structural change in steel accompanies the allotropie 
change at each critical point. These u changes of structure,” he 
says, u correspond exactly with the retardations, beginning and 
ending with them.” Within ranges of temperature not contain¬ 
ing any critical point, there is no change in the microstructural 
composition of steel. It is, therefore, not unreasonable to con¬ 
clude that the energy changes which occur at the retardation 
points are due to the structural changes themselves. This view 
is supported by the fact that soft iron ceases to be magnetic, ac¬ 
cording to Tomlinson, at ^950° O., the highest retardation point 
on heating; low carbon steel at 750° O., the second critical point; 
and high carbon steel at 650° 0., the lowest critical point. 

Analogous cases of energy change, accompanying a change m 
physical state, are that of ice absorbing energy when it passes into 
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a liquid, and sodium sulphate, for example, evolving heat when 
it passes suddenly from a saturated solution into a mass of crys¬ 
tals. 

It remains to be determined whether these critical changes iri 
iron are physically or chemically allotropic, or perhaps both ; for 
if the word compound be used instead of element in the defini¬ 
tion of allotropy, it will then include cases of isomerism. 

The allotropic theory is founded on these energy changes 
which carburized iron undergoes when it is heated or cooled ; it 
considers carburized iron as an alloy, and this alloy may be dis¬ 
solved in the pure iron or ferrite. “ The presence of 0.9 per 
cent, carbon marks a saturation-point of iron by carbon.” It is 
also a fundamental hypothesis in the allotropic theory, that car¬ 
bon hinders the change of non-magnetic ft iron back to the 
magnetic a form, even during slow cooling. When the hot iron 
is suddenly quenched, the iron remains largely in the ft form, if 
much carbon is present. 

Since a iron is magnetizable, temporary magnetism consists in 
the setting of the magnetic axis of the a particles more or less 
completely in the direction of the axis of magnetization. In-so- 
far as the particles retain this polar arrangement, the magnetism 
is permanent. How the inert ft iron is supposed to act as a viscid 
matrix encasing the magnetic particles. It therefore renders it 
more difficult of magnetization, and for the same reason restrains 
the a iron particles from returning to their unmagnetized rela¬ 
tions to one another. Hence temporary magnetism increases as 
the relative quantity of a iron increases, while the relative value 
of the remanence increases with the ft iron. 

Since carbon is assumed to check the conversion of ft iron in 
cooling to a iron, high carbon iron when hardened is more diffi¬ 
cult to magnetize; but on the other hand, when it is once magne¬ 
tized, it retains it magnetism with greater tenacity than low 
carbon iron does. In a mixture of a iron and non-« iron, the 
latter entangles the other and acts as a passive obstacle to the 
magnetization of iron; it also helps to retain it when once mag¬ 
netized. Hence the presence of non-magnetic iron is offered as 
a sufficient explanation of remanence. 

In support of the theory that iron undergoes allotropic changes 
it may be mentioned that iron entirely free from carbon, exhibits 
the two upper retardation phenomena. The change associated 
with them is therefore a physical or allotropic one, and is not 
dependent on carbon. On the contrary, the lowest point of re¬ 
tardation is identified with a change in the carbon; and within 
limits, the retardation is more pronounced as the percentage of 
carbon increases. n 

Again,^ Beetz found that when pure iron was deposited electro- 
fytically in a thin line on silver parallel to an intense magnetic 
field, it was permanently magnetized and no more magnetism 
could be induced in it. Here carbon plays no part in the mag- 
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netic phenomena, and besides it is difficult to see how any of the 
theoretical non-a iron can be present. 

Manganese steel presents difficulties for the allotropists. Ac¬ 
cording to the allotropic theory, this steel is hard and non¬ 
magnetic on account of the preponderance of ft iron. But it is 
quite possible to give to manganese steel, magnetic properties 
without diminishing its hardness. Hence it furnishes no proof 
of the presence of ft iron. 

Further, an alloy containing 25 per cent, of nickel exhibits 
remarkable properties. Dr. J. Hopkinson has shown that this 
alloy is magnetic or non-magnetic, according to the heat treat¬ 
ment it receives. In the non-magnetic form it should therefore 
be hard, and should contain a very large proportion of iron in the 
ft form. But it is equally soft and can be readily machined in 
either condition. How then can the allotropic theory explain 
why manganese steel may become magnetic without losing its 
hardness, and nickel steel become non-magnetic without losing 
its softness? 1 

Dr. Guthe has demonstrated that high carbon steel must be 
heated to a temperature above the lowest retardation point before 
it is hardened to any considerable extent by quenching, and be¬ 
fore it exhibits marked retentivity. The lowest retardation is 
thus identified with the change in the magnetic properties of 
steel produced by quenching and hardening. 

He has also shown that the remanence is proportionately larger, 
the higher the steel is heated above the lowest point of retarda¬ 
tion. Sudden cooling above A 1 is necessary to enable the iron 
to retain its magnetism. If it is quenched near A x , much of the 
iron may cool below A x before it is really chilled. To secure 
more thorough chilling, it must be quenched from a higher tem¬ 
perature. In terms of the allotropic theory more of the ft iron 
is retained in that form if the temperature is high enough to 
secure chilling before the iron fails to the point A t . 

With low carbon iron, heating to about 650° and quenching 
actually reduces the remanence and the coercive force some 25 
per cent, as shown by Ring hi Ring i. shows that tempering 
increases not only <B n , but (B,. as well. Further, the same ring 
has both (B n and (B, reduced by annealing. It is difficult to see 
in what way the allotropic theory can account for these results. 

In contrast with Rings i., Rings iri. and iv. show on annealing 
an increase in the value of the remanence as compared with (B m . 

Again Fig. 4 shows that the remanence, as a function of 
3C, increases as the process of annealing is carried farther and 
to higher temperatures. It is difficult to reconcile this fact with 
the allotropic theory, especially with soft iron rings where the 
proportion of non-« iron to a iron must be small. 

If the allotropic theory is correct, then a transformation of ft 


1. Trans. Amer , Inst, Mining Engineers, R. A. Hadfield. 
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iron to a iron must be accompanied by a decrease in the rema- 
nence or residual magnetism, as compared with the maximum 
induction. This is apparent from an inspection of the diagram 
in Osmond’s theory. Now in the process of annealing ft iron 
reverts to a iron. It will be seen, however, that while in Kings 
i. and ii. of highest carbon, the ratio of (B r to <3?> m decreases as the 
annealing progresses, the reverse is true with Kings in. and iv. 
In the step b, however, there is a reduction in the remanenee as 
compared with the maximum induction. 

In high carbon steel non-a iron is supposed to revert to a iron 
at the temperature of the first point of retardation. But Dr. 
Guthe shows that such steel exhibits a large increase in perme¬ 
ability when it is heated to a temperature between 200° and 
300° C. This temperature is much below A v Does then non¬ 
magnetic iron revert to magnetic iron at this comparatively low 
temperature ? If so, what connection has this magnetic change 
with the allptropic changes on which the theory is supported # 

All existing physical theories of magnetism now recognize 
that- the particles of iron are always magnets. Ewing’s beautiful 
theory and the experiments supporting it are in harmony with 
me physical phenomena. There is no place in this apparently 
for n on-magnetic iron, and none for the easy passage of iron from 
the magnetic to the non-magnetic state or the reverse. 

. Osmond admits that magnetic phenomena come with difficulty 
into line with the allotropic theory. It is pertinent to raise the 
inquiry whether some of the facts brought out in Dr. Guthc’s 
paper are not irreconcilable with this theory. 

Me. Paul A. ]ST. Winand :—I would like to remark that the 
temperature at which the bar has been heated above the critical 
point, has something to do with the suddenness with which the 
various parts of the cross-section will cool down past that critical 
pom , ecause, if we are just above the point to start with, the 
particles nearer the centre will cool rather slowly at first. Thev 

rate of a cr,nl i y fa8ter ra ^ ° f ? oolin & lmt ' h .Y the time the 

these nofntl hLT % rapid, the temperature of 

these points has dropped below the critical degree and they fail 

L 2l7“ i if we are pretty well above 

orettv suddefet Vf’ the wholfi cross-section will pass 

Lt that the steLl wTs^eatec^at^afnVh^tem neratui If* 

decree S »o ,™ ,+ ^ascooled more quickly past the critical 

Ilvfriend Pi H id™ f °d the dlff u reDCe me . nticmed in the paper, 
mowno+o k ^ . r ® a ? d m y se lt once tried to magnetize bar- 
cgnets by quenching them while they were subjected to the 

magnetizing force, in order to see whether we could <ret anv 

better magnets, and there seemed to ho -imm riv ^ et ar V 
favor of this w n ™? a t0 be a sl W lt difference m 

u se. tv e made the measurements onlv ronvldv 

because we wanted to see if there would be any imoortaS 5a n’ 
The gam did not seem to be sufficient to warrant for P the trouble’ 
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so we did not try any further in this direction. It may be, how¬ 
ever, that some results could be obtained by careful measure¬ 
ments that would throw some light on the subject generally. 

Perhaps it would be necessary to employ a very high magnetiz¬ 
ing force at the high temperature, as the steel is hardly magnetic 
at those temperatures. We did not employ a magnetizing force 
any greater than what seemed to be amply sufficient to magnetize 
the cold bars to the highest point attainable. 

Mention was made by Prof. Oarhart of the behavior of a thin 
film of electrolytically deposited iron which showed permanent 
magnetism if deposited in a strong field. At high temperatures' 
the material might behave in a similar manner, provided the 
field be strong enough. 

The Chairman [Vice-President Pupin]:—I may say that the 
paper is so exhaustive that it is very difficult for any member 
present to make up his mind in the course of one evening as to 
the correlation of facts disclosed in this investigation. There is 
perhaps no phenomenon that is so complex as the magnetization 
of iron. I remember that Helmoltz in his lectures at Berlin 
when 1 was a student there, whenever he came to discuss the 
behavior of permanent magnets in a varying electromagnetic field, 
used to stop and make a very long pause and then finally, at the 
end of the pause, he would say : “ When we come to permanent 
magnets, then 1 don’t know whether this equation holds true or 
not.” It was a sort of stumbling block in his analysis of the 
forces which come into play in a varying electromagnetic field. 
I could not help thinking that in the phenomena which Prof. 
Carhart described to us, the molecular forces have a great deal to 
do with the behavior of magnetized iron. Wherever we have a 
close connection between the changes in the temperature of a 
substance and the forces the seat of which is in the substance, we 
may be pretty sure that these forces depend on the molecular 
state of the substance; because, according to our view of tem¬ 
perature, it is something which depends on the molecular and not on 
the atomic state of the substance. There is no doubt that these 
sudden changes in the behavior of the retentive force and the coer¬ 
cive force are caused by a sudden change in the molecular structure. 
But how close this relation is, it is very difficult to tell. I am 
rather in favor of the view that these sudden changes in the re¬ 
tentive and coercive force and permeability, are accompanied by 
an allotropic change in the structure of the substance. Of course, 
that is only a matter of feeling; and, as I said before, the number 
of facts brought out by this investigation is so large, that it is very 
.difficult to* co-ordinate them and form a consistent physical theory 
in the course of one evening. We have to be guided more by 
feeling than by reasoning. 1 don’t know but that such perhaps 
is the course which we have to pursue in the study of the magnetic 
literature in general. Take, for instance, Ewing’s book and read 
it; when you get through it you say, “I have got to read it again.” 
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You read it again, and after reading it the second time you have 
very probably changed your first view, and so the third or fourth 
time—every time you read it you seem to change your opinion. 
Lay the book aside, and after about four or five or six months, you 
feel that your whole knowledge of the facts disclosed in the book 
is retained in your heart and not in your mind. It becomes a mat¬ 
ter of feeling, and not of pure reasoning, and that is the surest 
sign that the correlation of facts is in a sort of nebulous state, 
and I think that being in a nebulous state as it is, it is the more 
interesting. Because when a part of a science is perfectly elab¬ 
orated and worked out so that there seems but little left to be 
done, then it is like a garden laid out by a landscape gardener— 
one likes better to walk in a place where there is something to 
improve. The investigation described before us this evening 
invites us into a field which is a very promising one and a very 
interesting one, although some people seem to think that there is 
nothing less interesting than a permanent magnet, because a 
permanent magnet is permanent, and that is all that there is to 
it. But that is not so, because there is more difference between 
one permanent magnet and another than there is between any 
other two things of the same kind. We may congratulate our¬ 
selves that the subject has been taken up by so competent hands 
as those of Professor Carhart and his associates, and I am sure 
that it is going to remain in good hands and give us much needed 
information. 

Mb. Nelson W. Perry :—I think we are greatly indebted to 
Dr. Guthe for his paper—probably a little too deep for most of 
us to discuss off-hand. We are also greatly indebted to Professor 
Carhart for presenting it in such an admirable manner, and I 
move that a vote of thanks be tendered to Dr. Guthe for his 
paper and to Professor Carhart for his kindness in presenting it 
and for his own remarks upon the subject. 

[The motion was carried. Adjourned.] 

[Communicated After Adjournment by Ppof. Eliiiu Thomson .J 

The valuable paper of Dr. Guthe calls attention to the need of 
accurate know ledge concerning the behavior of steel as a magne¬ 
tic medium when it has been treated by heating, quenching, 
cooling and annealing or tempering. Incidentally some of the 
considerations are shown to apply to those varieties of iron con¬ 
taining such low amounts of carbon as not properly to be called 
steel, except in relation to the process used in making them. The 
subject is one of great practical importance and it is only by 
such experimental data as the paper furnishes that we can ad¬ 
vance. 

Nearly ten years ago my attention was strongly drawn to the 
problem of producing permanent magnets for magnetic dampers 
of meters. There was but little information to be had on the 



1897.] 


DISCUSSION IN NEW YORK. 


87 


subject, either as to the nature of the steel to be used for the best 
results, or the methods of treatment, hardening, tempering, or 
the like to be employed. 

This led to the carrying on through several years of thousands 
of experiments, and the development of methods of rapid meas¬ 
urement of the flux between the poles of the magnets, as well as 
methods of heating, forming, hardening, tempering, seasoning 
and testing for permanence. Yery many analyses of different 
steels were also made, with the object of discovering the effect of 
the differing proportions of carbon, tungsten, silicon, etc. I 
notice that Dr. Guthe has not included a ring of tungsten steel 
now almost universally used for magnets, among those subjected 
to test. In our work we soon found that no steels without 
tungsten gave such relatively high induction together with other 
desirable qualities, as steel containing two to three per cent, of 
tungsten. Amounts up to four or five per cent, of tungsten 
gave no advantage, while with less than about two per cent, the 
induction fell off and the metal approached ordinary steels in 
magnetic qualities. 

It was found that the treatment recommended by Barus and 
Strouhai for seasoning, and referred to by Dr. Guthe, was not 
sufficient to ensure permanency even where the form of the 
magnet was, as in our meter magnets, quite favorable to reten¬ 
tion of magnetism. 

The effect of heating to 100° C. for several hours, caused a loss 
or diminution of flux which varied with the composition and 
prior treatment of the steel. Extending the time of the heating 
to twenty-four hours or more, gave scarcely more effect than an 
hour or two. The object was, of course, to reduce the flux to 
that amount which the steel would retain permanently. In the 
course of this work it was determined that repetitions of the 
heating to 100° C. after cooling would cause a further loss of 
magnetism, but at each repetition the percentage became less so 
that there was at last no discoverable change. A magnet so 
treated is practically permanent at ordinary temperatures. 
Whether the effect obtained is due to the removal of that portion 
of the flux which may be considered as unstable or to a magnetic 
hardening was unknown, but it would appear from Dr. ^Guthe’s 
paper that both effects may have been produced, assuming that 
tungsten steel behaves in the same ways as that of the rings tested 

by him. . 

We developed a process of seasoning magnets which consisted 
in subjecting them after hardening and magnetizing to successive 
immersions in boiling water and in cold water at intervals of a 
few minutes; a treatment carried on for a sufficient length ot 
time to ensure stability of the flux density in the air-gap between 
the poles. 

Certain facts alluded to in Dr. Guthe’s paper have been known 
to us for a long time, and were developed in our practice. At 
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one time we arranged to temper our magnets after hardening, by 
heating them to temperatures just short of those giving the blue 
oxide coat. This was found to be a matter of difficulty in prac¬ 
tice on the large scale, though it undoubtedly increased the 
induction. It was preferred to obtain a similar result by care¬ 
fully excluding steels with too high a percentage of carbon, and 
by hardening the magnets by care in selecting the proper harden¬ 
ing temperature. Thus in fact the same principle was developed 
in our work as is alluded to by Dr. Guthe, namely, that too high 
temperatures of hardening give weaker magnets or those in 
which the steel is magnetically as well as mechanically harder 
and of too low magnetic susceptibility. It was in fact found 
that the desired flux could not be retained by such overheated 
steel when magnetized. 

I think that the fact that with ordinary steels the strongest 
magnets are produced when the hardened steel has been heated 
to a blue, is well known, and has been practiced for a very long 
time by magnet makers. The magnets of the old magneto ma¬ 
chines were nearly always blued. It has been my practice also 
for fifteen to twenty years to adopt a similar process in dealing 
with ordinary steel. After hardening, the brightened steel was 
carefully heated by a blow-pipe until the middle or neutral region 
of the magnet (bar or horseshoe) was blued, while the poles were 
kept of straw color, the one color fading into the other along the 

bar. A strong magnet is thus made and one which is relatively 
permanent. J 

The point made by Dr. Guthe that there is a proper tempera¬ 
ture for annealing iron or mild steel in order to secure the great¬ 
est freedom from hysteretic loss has also been found to be the 
case in our practice with iron and steel. The range of tempera¬ 
ture for the best effect is found not to be a wide one. Here 
again there is a widely known mechanical fact which bears upon 
the point under consideration.. It is this, that some steels heated 
to that temperature which just fails to harden them, are on 
quenching made very soft.. The range of temperature is narrow, 
but evidently has the bearing upon the recalescence temperature 
pointed out by Dr. Guthe. This may be observed by heating to 
redness one end of a bar and quenching it, when it will be found 
that just back of the hardened end is a very soft portion; notice¬ 
ably so. It would appear probable that whatever softens the 
metal mechanically may have a similar effect magnetically. 

It would take more time than is at.my disposal to touch upon 
the many other interesting points brought out bv Dr. Guthe’s 

paper. I have alluded above to some of the' more practical points 
useful to the constructor. 
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[COMMUNICATED AFTER ADJOURNMENT, BY J. STANFORD BROWN.] 

This paper is very interesting. The chemical composition of 
steel for magnets, however, is perhaps of more practical import¬ 
ance than might be inferred from the paper, or even from »the 
remarks added by Prof. Thomson. 

The use to which magnets are put largely, or you may say 
entirely, determines the required chemical composition. Steel 
for permanent magnets will be entirely different from that for 
electro-magnets. Magnets made to sustain a load are satisfac¬ 
torily made from a steel which would fail utterly for the con¬ 
trolling magnets of our beautiful Thomson wattmeters, and 
so on. 

The following specification for magnet steel was a few days 
since submitted to the writer :— 

C .Y5 ; W 4.5 to 5.5 ; P .03 ; S .02; Si .10 or less; Mn .12 
or less. 

Such steel is somewhat difficult to make and is consequently 
expensive, retailing at 40 cents or more per pound, according to 
quantity. The specification is peculiarly low in 0 for the amount 
of W. With so high W the carbon could more usually run from 
.95 to 1.05. 

A highly satisfactory magnet steel for certain uses runs : £7.65 ; 
Mn .35 ; W 2.95. On the other hand, for another kind of mag¬ 
nets, C .65; Mn .60 ; W nil; Si .25, and P .065 is supplied. 
Here the high Si is noticeable. Sometimes crucible steel is 
used, and other times a cheap open hearth steel seems to answer. 
The electrical companies have an enormous amount of data and 
know thoroughly what they want, but unfortunately they still 
seem to regard it of too high commercial value to be contributed 
to the advancement of science and their competitors. 
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HE PORTS, ETC. 


REPORT OF COMMITTEE ON UNITS AND STANDARDS. 


To the President and Council of the American Institute of Electrical Engineers. 

Gentlemen :— 

Your Committee on Units and Standards having carefully considered the- 
communications which you have referred to us, recommend :— 

1st. That Hefner-Alteneck Amyl-Acetate Lamps furnished with test certi¬ 
ficates from the Physikalisch-Teehnische Reichsanstalt at Charlottenburg, 
Berlin, should be temporarily adopted as concrete standards of luminous inten¬ 
sity, or candle power. 

2nd. That in measuring the mean horizontal luminous intensity or candle 
power of an incandescent lamp, a Lummer-Brodhun photometer screen be 
adopted, and that the incandescent lamp be steadily rotated about a vertical 
axis through its axis of figure at a uniform speed of approximately two 
revolutions per second. 

Your Committee believe that the adoption of these recommendations would 
lead m practice to a much greater degree of uniformity in results of measure¬ 
ments of the candle power of incandescent lamps, by different and remote 
observers than is now usually attainable. 

Although incandescent lamps are at present rated by their horizontal candle 
power, yet, since the only true criterion of the total quantity of light emitted 
by a lamp is its mean spherical candle-power, we recommend that the rating of 
lamps should be based upon their mean spherical candle-power so far as is com¬ 
mercially practicable. 

Yours respectfully, 


January 19th, 1897. 


A. E. Kennelly, Chairman. 

F. B. Crocker, 

W. E. Geyer, 

G. A Hamilton, 

W. D. Weaver. 



AMERICAN INSTITUTE OF ELECTRICAL 

ENGINEERS. 


New York, April 2*8th, 189L 

The 115th meeting of the Institute was held April 21st, at 12 
West 31st Street, and was called to order by Vice-President 
Steinmetz at 8.15 p. m. 

The following associate members were elected by the Executive 
Committee April 28th. 


Name. Address. Endorsed by 

Abbott, Henry President, Calculagraph Co., 2 F. A. Pickernell. 

Maiden Lane, New York City, Stephen D. Field, 
residence, 82 So. Clinton Street, A. N. Mansfield. 
East Orange, N. J. 

Browne, Sidney Hand Consulting Electrical Engineer, Louis Duncan. 

809 Equitable Bldg., Baltimore, H. A. Rowland, 
residence, Ruxton, Md. Hermann S. Hering. 


Carter, Henry W. Attorney and Expert in Patent 

Causes, Carter & Graves, 810 
Reaper Block, Chicago, Ill. 

Greenwood, Feed. A. Secretary California Electric 

Works, 409 Market St., San 
Francisco, Cal. 

Hoag, Geo. M. City Electrician, City of Cleveland, 

116 City Hall, residence, 3 
Dorchester Ave,, Cleveland, 0. 

Hammerer, Jacob A. General Agent, The Royal Elec¬ 
tric Co., Toronto, residence, 97 
Macdonell Ave., Toronto, Ont. 

Lovejoy, D. R. Assistant in Electrical Engineer¬ 

ing, Columbia University, resi¬ 
dence, 222 East 49th St., New 
York. N. Y. 

Mather, Eugene Holmes Superintendent and Electrical 

Engineer, New Haven Street 
Railway Co., Exchange Build¬ 
ing, New Haven, Conn. 

Ralston, Louis C. Graduate Student, Cornell Uni¬ 
versity, 1170 Madison St., Oak¬ 
land, Cal. 


F. S. Hunting. 
Thomas Duncan. 
A. L. Searles. 

W. F. C. Hasson. 
Wynn Meredith. 
F. F. Barbour, 

M. C. Canfield. 
Chas. W. Wason. 

E. P. Roberts. 

Fred. A. Bowman. 
A. A. Dion. 
Robert A. Ross. 

F. B. Crocker. 
Win, A. Anthony. 
Max Osterberg. 

Theo. Stebbins. 
Geo. F. Sever. 
Charles Hewitt. 


Fredk. Bedell. 
Edw. L. Nichols. 
Harris J. Ryan. 
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ASSOC. MEMBERS ELECTED AMD TRANSFERRED. 


Shaw, Howard Burton Assistant Professor Electrical E. H. Hall. 

Engineering, Missouri State C. A. Adams. 
University, Columbia, Mo. C. L. Cory. 

Wells, Dana Clemmer Assistant in Physics, Columbia M. I. Pupin. 

University, Hew York, resi- F. B. Crocker, 
dence, 109 Willow St., Brooklyn, H. C. Parker. 
N. Y. 

Total 11. 


TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP. 


Approved by Board of Examiners, March 10th, 1897. 

Humphrey, Henry H. Consulting Engineer, St. Louis, Mo. 

Rice, Calvin Winsor, Consulting Electrical Engineer, Winchester, Mass. 
Total 2. 

The following paper on “The Synchronograph” was then read 
bj Dr. Albert 0. Crehore and Lieut. G-eorge O. Squier, the dis¬ 
cussion of which was deferred to May 18th. The paper was 
illustrated with lantern slides. The paper was also read at 
Chicago by Dr. Frederick Bedell. 



A Paper presented at the 115th Meeting of the 
American Institute of Electrical Engineers . 
New York and Chicago , April 21 , 1897. 


THE SYNCHRONOGRAPH. 

A New Method of Rapidly Transmitting Intelligence by 

the Alternating Current. 

BY ALBERT CUSHING CREHORE AND GEORGE OWEN SQUIER. 

In a general view of the technical history of the art of 
telegraphy, statistics show that at the present time, more than fifty 
years since the introduction of the telegraph, nine-tenths of the 
telegraph business of the world is transmitted by hand, in sub¬ 
stantially the same manner as then. From an electrical point of 
view one naturally asks why it is, that during this period 
which represents more electrical progress than all time previous, 
the rapid transmission of intelligence has not made more advance. 

It is to experiments upon a new electrical system of rapid in¬ 
telligence transmission and its possibilities, that your attention and 
consideration are invited. It is not intended to enter into a dis¬ 
cussion here of the physical causes which have limited the speed 
and efficiency of the telegraph, but to acknowledge the great 
work of Wheatstone, Hughes, Edison, Delany and others, who 
have brought rapid telegraphy to its present state of efficiency, 
and proceed to an explanation of the principles involved in the 
new system, and an account of the experiments already carried 
out in developing it. These experiments were conducted at the 
Electrical Laboratory of the United States Artillery School, Fort 
Monroe, Ya,, where the land telegraph and telephone lines were 
available for the actual trials described. 

Principles of the Transmitter. 

It is difficult to treat the subject of transmitters apart from 
their receivers, as any particular transmitter should be considered 
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in connection with the limitations of its receiving instrument. If 
we could have a receiver sensitive enough to make a distinct and 
permanent record of every change in current transmitted over 
the line, provided the line were so situated as to be free from the 
disturbing influences induced by external causes, it would be 
ideal; and the discussion of transmitters would be simplified by 
reducing the elements to the line and transmitting instrument 
alone. The qualities of receiving instruments include two princi¬ 
pal elements. They all require a certain amount of energy to 
operate them, and in addition, most of them have inertia in the 
moving parts. A distinct advance is made, other things being- 
equal, in the receiver which dispenses entirely with the inertia of 
moving parts. This is accomplished by electrolysis in the chemi¬ 
cal receiver of Bain, which has recently reached great perfection 
in the hands of Mr. Delany. It is also accomplished in the 
polarizing receiver which was used in experiments described 
later. 

Transmitters for sending intelligence over electrical circuits are, 
in every case, instruments which operate to change the strength 
of the current employed in the line. This includes the tele¬ 
phone, in which the current is a succession of waves differing: 
not only in the frequency with which they occur, corresponding 
to the pitch of the tone, and in the amplitude corresponding to 
the loudness, but also as to the shape of the waves corresponding 
to the timbre or quality. The human ear is such a delicate and 
wonderfully constructed receiver, that it readily translates this 
complex wave into intelligence. If a physical instrument could 
be found which would write out in visible form the exact shape 
of these telephone waves received, the eye might also be educated 
to translate them. A perfectly trained eye could detect the dif¬ 
ference between the same words spoken by different individuals 
as the ear now does. Even though the waves might be accurately 

reproduced, the simpler the waves the less the difficulty of trans¬ 
lating them. 

The inherent distinction between telephony and telegraphy is 
mainly that, whereas the telephone utilizes both the frequency of 
the waves and their form, telegraphy relies entirely upon the 
duration, number, and order of arrangement of these waves, and 
not their form. The art of telegraphy is practically limited in 
this respect to three elements, or their combinations, namely, 
varying the duration of the waves or pulses, the direction of them, 
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their order of arrangement, or the different combinations of these. 
Considering these elements separately, the first one, using waves 
of different duration alone for each character upon the line is 
not at present used. The last method, a combination of variable 
duration and order of arrangement of waves, comprises the system 
of Morse and others so universally used, and includes the more 
rapid system of machine telegraphy due to Wheatstone. 

There are reasons why any system using waves of different 
duration is not as simple as one which uses waves of equal dura¬ 
tion, when any arrangement of make-and-break transmitter, using 
a constant source of electromotive force is employed. Some of the 
chief of these are found in the electrical properties of the line carry¬ 
ing the currents. The difficulties become apparent only when it 
is attempted to send these waves at a very rapid rate, which is 
desirable in machine telegraphy. The current requires time to 
become established at the receiving end of the line after the 
electromotive force is introduced at the sending end. The current 
wave which is sent over the line is a function of the time during 
which the electromotive force remains applied at the transmitter. 
There is evidently a practical limit to the shortness of the time 
which the electromotive force must remain applied, determined 
by the smallest wave which the receiver is capable of recording. 

Suppose on the other hand that the electromotive force has acted 
long enough for the current at the receiver to reach its steady value, 
and then the circuit is suddenly broken at the transmitter. A 
time will elapse before the current in the receiver is reduced to 
zero. This case is not as simple as the former, because the man¬ 
ner in which the break is made must be considered. A slow 
break is different from a rapid one, when there is any arc, that is, 
a spark formed. The whole line has been charged to the limit 
of the electromotive force used, and must become sufficiently dis¬ 
charged before the next wave can be received. This produces the 
effect commonly known as “ tailing ” which means that a signal 
becomes so drawn out at the receiver that it interferes with the 
following signal. 

If waves of equal duration are used, evidently more of them 
may be received in a given time, than of any other combination of 
waves, for the shortest wave may be used which will operate the 
receiver. With this plan, the effect of “ tailing 55 is reduced. 
The use of equal waves is adopted by Mr. Delany, who also indi¬ 
cates by the chemical receiver the directions, whether positive or 
negative, of these equal waves. 
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The alternating current is at present successfully employed for 
transmitting considerable amounts of power over long distances, 
and the whole system is periodically subjected to a regular and 
uniform succession of waves rising gradually from zero to a maxi- 



Fig. 1. 


mum, and then gradually decreasing, reversing, and increasing to 
a negative maximum. Recognizing these facts, it seemed prob¬ 
able that it would constitute a good means for the rapid trans¬ 
mission of intelligence, if the characters of a telegraphic code 
could be impressed upon such a current without seriously affecting 
its regular operation. It is to the consideration of a system of 
rapid transmission of intelligence by the use of the alternating 
current that we invite your attention. 

Let the sine curve, Fig. 1, represent a regular succession of 
simple harmonic current waves given to the line by an alternating 
current generator. If the current passes through a key which 
may be opened or closed at pleasure, then, provided the key 
previously closed is opened at a time corresponding to the point 
p of the wave upon the horizontal axis, it is known that the cur¬ 
rent which was zero at the instant the key was opened, will remain 
zero thereafter, in circuits which have resistance and inductance 



Fig. 2. 


alone. Again, if the key could be closed exactly at a time corres¬ 
ponding to the point q on the curve also upon the axis, the current 
will resume its flow undisturbed according to the sine curve. The 
true current obtained by opening the key at p and closing it at q 
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is shown in Fig. 2, where the current remains zero between these 
two points. If the key had been closed at any other point than q, 
as at r, the current would not have resumed its flow according to 
the simple sine wave ; but, it can be shown, would follow the 



Fig. 3. 


heavy curve of Fig. 3, and give a succession of waves alternately 
smaller and larger than the normal sine wave until after a very few 
alternations, when it practically coincides with the sine wave. In 
like manner if the key is opened at some other point than p, when 
therefore the current is not zero, a spark may be observed at the 
break, and it requires time for the current to fall to zero. 

Let us consider the advantages of thus operating upon an alter¬ 
nating current. It is evident that the advantages above men¬ 
tioned of using a system subjected to a perfectly regular alterna¬ 
ting electromotive force, and capable if necessary of transmitting 
considerable amounts of power, is by this method made available. 
In addition, no spark is made in a transmitter adjusted to break 
the circuit at the exact times indicated by the curve above, when 
the current is naturally zero. This makes it possible, if it is found 
desirable, to use comparatively large electromotive forces and 
currents on the line, for no matter what the maximum value of 



Fig. 4. 


the current, it is made and broken by this plan with no sparking. 
It is also possible to employ waves of high frequency upon the 
line, the upper limit obtain able from an alternator being probably 
much higher than can be transmitted over the line. 
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If a receiver were used which, could reproduce an exact trace 
of the actual waves sent over the line, it might resemble such a 
. combination as that represented by the heavy curve in Fig. 4. 
The sine wave continues uninterrupted to the point p when the 
key is opened, and it is held open for one complete wave-length 
p q, when it is again closed for a wave-length q r ; then opened 
for one-half a wave-length us; closed for a wave-length st; 
opened for a wave-length t it ; closed for half a wave-length u v ; 
opened for half a wave-length v w and finally closed. By this plan 
it is possible to use the ordinary Continental code in telegraphy, 
a dash being indicated when two successive waves, a positive and 
a negative one, are omitted by keeping the key open, and a dot 
meaning where a single half-wave is omitted. The space between 
parts of a letter, as between the dash and dot of the letter u n ” 
is indicated by the presence of one-half a wave-length, and the 
space between letters, as between “t ” and “ e ” in the word “ ten,” 
by the presence of two half-waves, while the space between 
words may be represented by the presence of three half-waves, 
and between sentences of four half-waves or more. The above 
is a single example, of which there are many, of a method by 
which the usefulness of so operating upon an alternating current 
is made apparent, because it shows how these signals may be in¬ 
terpreted by a fixed code. It need not be said that there are 
other ways easily devised of interpreting the possible combina¬ 
tions of waves which may be sent in accordance with any code, 
and it is not our present object to present a method which is 

deemed superior to others, but merely to show that the above 
plan becomes operative. 

A consideration of the time required to send the word cc ten” by 
the above plan shows that it corresponds to the time of eleven 
half-waves of current. If we suppose that the frequency is an 
ordinary one used in alternating current work, viz., 140 complete 
waves per second, the time required to send the word “ ten” is .0394 
of a second, or, by allowing three additional half-waves for the 
space between the words, the word “ ten” would be sent just 1200 
times in one minute. There is no difficulty in using; over some 
lines, a frequency four times as great as that ordinarily used, 
namely, as high as 560 or even 600 periods per second. This 
would correspond to speeds of 4800 and 5143 times sending the 

word “ ten” per minute. The limit in each instance is only deter¬ 
mined by the particular line used. 
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Hitherto it has not been pointed out how it is possible to man¬ 
ipulate a key at the high speed mentioned, so as to open and close 
the circuit hundreds of times per second as desired at the exact 
instants when the current is naturally zero. Evidently the proper 
place to manipulate such a current controller where the circuit 
must be made and broken at distinct points of phase is at the 
g.ner.to- itself, or in connection with any y„! 

ehronously therewith. J 

It will be sufficient for purposes of illustration to show by a 
special example how any single half-wave may thus be controlled 
at the generator; for obviously any word or sentence may be 
formed, by a repetition of this operation. 

In Fig. 5, s represents the shaft of an ordinary 10-pole alterna¬ 
ting current generator which drives through the gears m and n 
the wheel w. The circumference of this wheel is one continuous 



Fig. 5. 


•conductor presenting a smooth surface for brushes to bear upon. 

e periphery of the wheel is divided for example into 40 
equal parts, and it is geared to run at one-fourth the speed of 
he armature, each division thereof corresponds to one semicyele 
of the electromotive force produced by the generator. Upon the 
w eel w bear two brushes a and b carried by a brush-holder which 
is capable of adjustment. These two brushes are connected in 
senes with the line, so that the current which passes in at one 

thence && Whee] t0 the 0ther brush > and 

thence to the line. The current used may be obtained from the 

generator, the shaft of which is represented at s, either before or 

after it has passed through any number of transformers, since it 

is the frequency alone with which we are concerned 

The line current is brought to the wheel w to be synchronously 

.operated upon. If both brushes remain continually in contact 

with the wheel, the current transmitted would have the regular 
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sine form represented in Fig. 1, and for each revolution of the 
wheel there would be 40 semi-waves or 20 complete waves trans¬ 
mitted. If one-fortieth of the circumference of the wheel is 
covered by paper or other insulating material as indicated at i 
Fig. 5, and the brush a adjusted to ride on to and off from this 
insulation just as the current is changing from one semicycle to 
the next, that is, changing sign, while the brush b is in continuous 
engagement with the wheel, the semicycle represented by the 
section covered will be suppressed, and without any sparking, 
even if the potential used is high. In practice, the brush a is 
easily adjusted to this point by moving it slightly, backward or 
forward around the circumference of the wheel until the sparking 
ceases. This adjustment once’ made, the brush is fixed in position 
and so remains. In each succeeding revolution of the wheel, this 
cycle of operations is exactly repeated, and the current sent over 
the line would resemble that shown in Fig. 2, having every for¬ 
tieth semicycle omitted. It is only necessary to cover other 
similar sections of the circumference of the wheel in a predeter¬ 
mined order according to a code, to transmit intelligence over the 
line. The above illustration of the operation of a transmitter on 
this principle is given for simplicity only, and is evidently far 
from a practical form of transmitter. 

The wheel w in the above example, may have different speeds 
with respect to the generator shaft, the essential condition being 
that its circumference shall contain some integer number of a unit, 
which is the arc upon the circumference of the wheel if geared to 
the armature, that a point fixed with respect to the field would 
describe upon it during one semi-period of the current. This 
wheel therefore might be connected to any shaft which runs in 
synchronism with that of the generator, as for instance that of a 
synchronous motor if the power were obtained from a distance. 

Instead of using insulating papers situated upon a single cir¬ 
cumference of the wheel, two or more similar lines may be used 
either upon different circumferences of the same wheel or upon 
different wheels, and separate brushes ride upon the different 
circumferences. The same frequencies of current may be em¬ 
ployed to operate all lines of brushes, or currents having different 
frequencies may be employed upon the separate circuits, all of 
which use the same line for transmission. These arrangements 
make it possible either to send different messages simultaneously 
over the same line employing a single cycle as the unit, or to send 
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a message employing different frequencies to represent the dif¬ 
ferent characters of a code, or many combinations of these. 

The employment of alternating waves of different frequencies 
upon the same line by the method shown, does not have the same 
objections which exist when a constant electromotive force is used. 
Since the circuit is by this system always interrupted when the 
current is naturally zero, the frequency employed is within certain 
limits a matter of indifference as the line is in the same condition 
whether a long or a short wave is used. 

It is seen that by this simple method of operating upon the 
alternating current, according to the above principles, there is 
complete control of the individual semi-waves of the current, 
which may be changing direction thousands of times in a second, 
far beyond the range of possible manipulation by hand. In other 
words it is easy to obtain a record of any pre-selected order or 
succession of semi-waves desired. It is evident that it is as im¬ 


portant to be able to control the semi-waves retained, as it is those 
suppressed, since they are of equal value in interpretation. 
Furthermore there is great utility iir being able to control each 
single semi-wave of the current, for this permits the maximum 
speed of transmission of signals with a given frequency. 

A transmitter which operates upon the current at intervals 
comparable with the duration of a semi-wave, but which does not 
act in synchronism with the current, would necessarily make 
and break the circuit at times when the current is not naturally 
zero. If this were done there would not only be sparking, but 
in addition, the current would be interfered with in such a 
manner as to make it probable that the record received could 
not be interpreted; for the current at each make would follow 
such a curve as that shown in Fig. ?>. 


Principles of Receivers. 

i 

As used throughout this paper, the term “receiver” will he 
understood to mean that mechanism which uses the energy trans¬ 
mitted over an electric circuit, and transforms it so as to make a 
permanent record which may be translated into intelligence. 
The term receiver is here restricted to mean instruments which 
make a permanent record, since this is a necessary condition for 
the rapid transmission of intelligence, with which we are at 
present concerned. All receivers require a certain amount of 
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power to operate them, and the power required affords one basis 
for their classification. 

Another method divides receivers into two classes, those which 
have inertia in the moving parts and those which have none* 
There is no fundamental reason why any one of these general 
classes should contain all of the most rapid receivers. Any of the 
above classes might include receivers which are very rapid. If, 
for instance, a receiver has inertia in the moving parts, for rapidity 
the amount of inertia should be small, and its natural period high, 
or a large amount of energy would be required to operate it. If 
a receiver has no inertia in the recording mechanism, then the 
possible rapidity is limited by the power supplied. 

In deciding upon the relative merits of receivers from the point 
of view of rapidity, the cost of the power required offers no reason 
why considerable amounts of power should not be transmitted 
over certain land lines for purposes of telegraphy. Using a 
receiver which possesses much inertia in its moving parts, it does 
not follow that even though considerable energy reaches the recei¬ 
ver over the line, that it will be rapid in its action. 

The Wheatstone receiver may be taken as representative of a 
type of receivers possessing inertia in the moving parts, which 
has come into successful operation. The record is made in this 
instrument by a small wheel which vibrates back and forth 
between an ink surface and the recording tape. The energy which 
is essential, is that required to move this little wheel and the parts 
connected with it back and forth. Although considerable energy 
may possibly be sent over the line and be expended in the instru¬ 
ment, it seems impossible to concentrate more than a certain part 
of it upon the moving mechanism. This suggests two methods of 
improving the speed of the system 5 either to increase the power 
received by the moving parts, or diminish their moment of inertia. 
One factor which limits the Wheatstone type of receiver is that 
the moving parts are required to do the work of making the 
record. This is not a necessity, since light may be employed as 
the agent to make the record under the control of the moving 
parts, as is evidently accomplished in a form of galvanometer 
having a very minute needle with mirror attached, the slightest 

motion of which is greatly magnified by the reflected beam of 
light. 

As a type of instrument having no inertia in the recording 
mechanism, may be mentioned the various forms of chemical 
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receivers acting by electrolysis. This type of receivers possesses 
many advantages, perhaps chief among which is the fact that a 
large part of the energy received is brought directly to bear upon 
making the record. Another feature is the simplicity of the 
essential mechanism involved, as no intermediate steps are em¬ 
ployed after the impulse is received from the line before the 
record is made. These qualities alone imply rapidity, and this 
receiver is one of the most rapid known. The limit of rapidity 
with this receiver is the power received from the line. If the 
potential between the terminals of the receiver is increased, the 
time required to make a given record is correspondingly reduced. 
The use of the alternating current permits of greater potentials 
being realized in the receiver with less disturbing influence from 
the line than would be the case if a constant direct electromotive 
force was employed. 

A new type of receiver having no inertia in the recording 
mechanism was used in developing the transmitter described in 
these experiments. This instrument has already proved of value 
as a chronograph for the measurement of minute intervals of time, 
and for the study of any kind of variable electric currents. 
Although its application as a practical telegraph receiver is not at 
present advocated, yet the realization of a viasslsss receiver upon 
different lines merits description. This receiver is based upon 
Faraday’s discovery of a direct relation between light and 
electricity. 

This discovery was, that if a beam of polarized light is passed 
through some substance in the direction of the lines of magneti¬ 
zation within that substance, there is a rotation of the plane of 
polarization in a direction which is the same as the direction of 
the current required to produce such a magnetic field. The 
direction of rotation is unaltered, therefore, whether the light 
beam advances in the same or in the opposite direction to the 
magnetization, so that a beam reflected back and forth through the 
substance several times, has its rotation increased by equal amounts 
each time. If the direction of the ray of light is at right angles 
to the lines of magnetization, there is no rotation produced. The 
amount of this rotation has been investigated by Yerdet, who an¬ 
nounced laws by which it may be expressed. They are summed 
up in the following statement: 

“ The rotation of the plane of polarization for monochromatic 
“ light is in any given substance proportional to the difference in 
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a magnetic potential between the points of entrance and emergence 
“ of the ray 57 ; that is, it is equal to a constant times this difference 
of potential and is expressed by the formula 

0 = v V, 

where 6 = angle of rotation, V = difference in magnetic poten¬ 
tial, and v for a given wave-length is constant in any one sub¬ 
stance and is known as Verdet’s constant. 

The following example will make more evident the application 
of Faraday’s discovery to this receiver. Admit a beam of ordi- 
nat y light through a small aperture into a dark room and let it 
fall upon a white screen. Suppose that the aperture which admits 
the beam is provided with a shutter which may be opened or closed 
at will.- We have in this simple arrangement all the essentials of 
a transmitter and receiver of intelligence. A person opening and 
closing the shutter might communicate with a second person ob¬ 
serving the screen, which would become light and dark at inter¬ 
vals in accordance with a pre-arranged code. Substitute for the 
first person in direct control of the shutter an electromagnetic 
device, operated from any desired distance through an electric 
circuit, and the effect upon the screen is the same as before. For 
rapid transmission it would be necessary to substitute a mechanical 
transmitter which would operate faster than a person can send by 
hand. There would be no particular difficulty in thus moving 
the shutter more rapidly than any observer could read from the 
screen. It then becomes necessary to make a permanent record, 
which may be accomplished by substituting for the screen a self- 
recording surface having a relative motion across the beam. This 
is afforded by using any surface sufficiently sensitive to light, 
many varieties of which are available. In fact a surface is avail¬ 
able which is so sensitive that it will record much faster than the 

material shutter can be moved back and forth so as to open and 
close the aperture. 

The next step in increasing the speed, provided the limits of 
the transmitter have not already been reached, is to secure a more 
lapid shutter. It was with this object in view, to obtain a mass- 
less shutter that Faraday’s discovery is used. Instead of passing 
the light directly through the aperture, it is first passed through 
a dSTicol prism in order to obtain a beam of plane polarized light, 
or it may be polarized in any other suitable manner. Suppose 
that a second Nicol prism like the first is placed in the path of 
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tlie polarized beam. If the second prism known as the “analyzer 
is turned so that its plane is perpendicular to that of the first prism 
known as the “polarizer,” all the vibrations not sorted out by the 
polarizer will he by the analyzer. In this position when the planes 
are perpendicular to each other, the prisms are said to he “crossed/ 1 
£tiid an observer looking through the analyzer finds the light 
totally extinguished as though a shutter interrupted the beam. I >y 
turning the analyzer ever so little from the crossed position, light 
passes through it, and its intensity increases until the planes of 
tiie prisms are parallel, ami if one of the prisms is rotated, there 
will be darkness twice every revolution. In order to accomplish 
tlie same end that is obtained by rotating the analyzer without 
actually doing so, the following plan is adopted: 1 iutwuun the 
polarizer and the analyzer is planed a transparent medium which 
can rotate the plane of polarization of the light, subject t.o the 
control of an electric current., without moving any mate-rial thiiur. 
The medium tmi-d in this receiver is liquid carbon bisulphide con¬ 
tained in a glass tube with plane glass ends. There are many 
other substances which will answer the purpose, some better than 
otliers. This was selected because it is very el ear and colorless, 
and possesses the* necessary rotatory property to a considerable ex¬ 
tent It only possesses this property, however, when situated in 
a, magnetic field of force, and the rotatory power is proportional 
to the intensity of the magnetic, field. To produce a magnetic 
field in the carbon bisulphide, a coil of wire in series with the lints 
from the transmitter is wound around the glass tube. When the 
current ceases, the carbon bisulphide instantly loses its rotatory 
power. The operation is as follows; First the polarizer and 
■analyzer are permanently set in the crossed position, so that no 
llfgdit emerges from the analyzer. A current Is sent through the 
-coil around the tube. The plant* of polarization is immediately 
rotated. This is equivalent to rotating the, polarizer through a 
•certain angle, and hence light now emerges from tin* analyzer. 
Interrupt the current, tin*, medium loses its rotatory power, and 
tliere is again complete darkness. The arrangement makes an 
effectual shutter for the beam without moving any mass of matter. 

This illustrates how Faraday’s discovery may be utilized to re¬ 
place the electromagnetic shutter in the above example by a 
■massless shutter, which enables the current waves sent over the, 
line to be recorded upon the sensitive surface without moving 
any material thing. An advantage of this receiver is that the 
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speed is not limited by the receiver but only by the natural 
properties of the line or of the transmitter. Used in connection 
with the transmitter already described, the real limit is found to 
be in the line itself. 

An analysis of this receiver shows that the energy received 
over the line is not used directly in making the record, but the 
agent which makes the record is the beam of light which derives 
its energy from a local source. The energy received from the 
line merely controls this local energy which may have considerable 
power behind it. This controlling phenomenon is one of the few 
known cases where electricity acts directly upon light. The 
mechanism by which this action is effected is not at present known, 
and any experimental evidence upon it would increase our know¬ 
ledge of the connection between ether and ordinary matter, as 
well as the.constitution of matter itself. The use of this direct 
influence of electricity on light makes the speed of transmission 
through the receiver comparable with the velocities of these 
agents. 


Description of the Transmitter Used. 

In these experiments, the operation upon the alternating cur¬ 
rent according to the principles already stated, was accomplished 
by means of a prepared perforated paper tape, which was caused 
to move by the generator itself. A view of this tape, showing a 
method of operating upon the current is given in Fig. 0. 

The line current is brought through the wires w w to two- 
brushes be 7 not shown in the view, held by the adjustable sup¬ 
port s. The plan of the brushes is shown in Fig. 7. One brush 
b bears upon the tape from above, and the other brush b 7 bears 
from below immediately opposite the other brush so that they 
will meet through the perforations in the transmitting tape t. 
When the brushes meet through the perforations in the tape, the 
line circuit is closed, and when paper passes between them, separa¬ 
ting the brushes, the line circuit is broken. P 

It is so arranged that the brushes pass off from, and on to the 
paper, thus making and breaking the circuit, at the instant cor¬ 
responding to the points in the current wave, Fig. 1, when the 
alternating current is naturally zero. The tape t passes over a 
wheel p geared to the generator shaft, so that for one revolution 
of the armature, the tape advances a fixed distance. If the 2 en- 
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erator lias ten poles, this fixed distance on the tape corresponds 
to five complete waves or ten alternations or semi-cycles of the 
generator current. One-tenth of this fixed distance corresponds 
to one alternation or semi-cycle of the current, and may he taken 


as the unit of distance in perforating the tape, if therefore a 
hole is made in the tape equal in length to this unit, and the 
brushes u and n' happen to pass oil' from the paper so as to meet 
through the hole at the instant the current is naturally zero, then 
they will pass on to the paper again, breaking the circuit at the 
next following instant when the current is also naturally zero. 

•O / 

since the length of the hole corresponds to one semi-cycle of the 
current. 

Suppose that a succession of these unit holes is made, the tape 
between the holes being also of unit length, then the circuit will 
he made and broken as by the first hole at the points of zero cur¬ 
rent. In practice it would probably not happen that the brushes 
were at first so situated as to pass oil' from and on to the paper at. 


B, 

4 „ 


L5 


Fw. 7. 


the instant the current is zero. In this case a succession of sparks 
appears, one each time the brushes pass on to tint tape, and by 
moving the brushes along the tape it will he observed that this 
spark either increases or decreases in intensity, according to the 
direction moved ; hut at regular intervals, equal tit the unit men¬ 
tioned above*, it disappears. This position of the brushes 
for no sparking is easily found hv t rial, and once obtained remains 
fixed. By this simple practical operation which experience shows 
requires hut a moment to accomplish, tin* essential condition of 
synchronously operating upon the current in the manner described 
is secured. I he brushes once adjusted always so remain, and 
since there is no sparking, it is possible to use high electromotive 
forces upon the line without injurious effect upon the brushes 
and tape. It, is also plain that this method of operating upon the 
current is not affected by the speed of the generator, since the 
transmitting device is always in synchronism with the generator, 
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whatever the speed. The speed of the generator, and conse¬ 
quently the rate of sending, as far as the transmitter is concerned, 
•can be varied at pleasure between wide limits, without any effect, 
upon the synchronous operation described. 

An example, giving the data from an early experiment, will 
illustrate how this is accomplished. The generator was a Fort 
Wayne 10 -pole alternator giving a potential at its terminals of 
1,000 volts. This was transformed to about 300 volts, being con¬ 
venient to handle, and sufficiently high for the purpose. The end 
•of the shaft e, Fig. 6 , of the generator carries a small pinion, 
which engages the gearing g, and revolves the wheel p once in 
every 18.4 revolutions of the armature. This makes the r ’ T part 

of the circumference of the wheel r correspond to one semi-cy¬ 
cle of the current. The circumference of the wheel was about 

100 ems., and the length of a unit, therefore, -A r of this or 
.54 ems. ' , 

For convenience, a tape made of ordinary paper, had its two 
ends joined so as to make a continuous belt, which made it pos- 
sible to use it repeatedly. The tape passed from the large wheel 
p o the loose pulley q mounted upon a base-board a, and under 

e guiding pulley attached to the support s which controlled the 
tape, immediately before passing the brushes u 

the * ap6 ’ the Coritinenta l code was employed as 
described, the omission of two half-waves meaning a dash and 

• e half-wave a dot. Flaving obtained the length of a unit on 

the wheel, the tape is first divided into these equal units and then 

e propei units are cut out to form a message. The units which 

Are not cat out form the dots and dashes. To use V"offiim 2 

Zt ‘Tf t0 b , 6 “ me exad «“> 

«it im 'e fat y rt on tbe 

p r‘w 

source of electromotive force’ for the line TP WaK “ 41,6 
•cuit which includes the line was brmm / / cir ’ 

operated upon as described. g o ie transmitter to he 

metttfhownln^ dr0nito M em P% ed « this expert- 

" repr T tS the alt -nator, .'the 
and l the line, t T g Up ° n tlle transmitting wheel w, 

may be used with currents^/^ 1 ^ 01 lllustratin g Pow the method 

CUrrentS ° f the 8ame or different frequencies, 




•'* •••• 
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Fig. 11. 
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is given in Fig. 9, where several generators a 1? a 2 , a s , etc., are re¬ 
presented upon the same shaft, and each is connected to a separate 
brush b u b 2 , b 8 , etc., bearing upon the wheels w l5 w 2 , w s , etc., 
upon a common shaft and connected to the line. By placing the- 
insulating papers in the proper positions upon the wheels, it 
becomes possible to transmit in succession, first a current of one 
frequency and then of another. 



w 


/wv\aM 


K>J 

A 


L 


Fig. 8. 


If any error is made in laying off the units upon the tape, or if 
the length of the tape changes in any way after they are accurately 
laid off, the effect of this error is cumulative from period to period, 
and although at any particular time the tape might be in phase, 
sometime later it would not be so, and sparking would occur. 
This would also be the case if there were any slipping of the tape 


L 




Fig. 9. 


around the wheel p. To overcome these difficulties it is onlj 
necessary to have holes punched at regular intervals in the tape 
which engage in pins at corresponding intervals on a wheel made 
to receive it. 

A simple experimental method which does away with the 
necessity of making pins to feed the tape, is to glue strips of thin 
paper, seen at c, Fig. 6, having lengths corresponding to the paper 
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intervals of the tape, that is, one unit for a dot and two units for 
a dash, upon the circumference of the wheel p, which has a smooth 
polished metal surface. One brush is continually in contact with 
the wheel, and the other rides on to and off from these paper 
strips, making and breaking the circuit at the zero phase of the 
current. The length of message permitted, is limited by the 
number of units in the circumference of the wheel, which in the 
example taken was 184. 

Instead of using any gearing, as in the example given, to reduce 
the speed of revolution of the wheel p, the tape might be run 
directly from a small wheel upon the armature shaft. The unit 
on this small wheel is one-tenth of its circumference, if there are 
ten poles to the generator, so that any message sent by fastening 
papers upon this wheel would be limited to ten semi-cycles. If 
a single unit of this small wheel is covered by paper, and the 
brush adjusted for no sparking, one semi-cycle in every ten will 
be omitted. A record obtained in this case with the polarizing 
receiver is shown in the circle at a, Fig. 10, in which each light 
spot corresponds to one semi-cycle of current, and it is seen that 
one in every ten is omitted. The record in the circle b of the 
same figure was obtained by using two units of paper on the same 
wheel, having two units between them, and shows that two semi¬ 
cycles are omitted in every ten. 

Records obtained by the use of paper fastened upon the large 
wheel p, Fig. 6, are shown in Fig. 11, where it is seen that the 
word £C telegraph” was transmitted. A record obtained by the 
use of tape is shown in Fig. 12, where the sentence “one wire 
will do work of ten 55 was transmitted on August 10, 1896. This 
message was sent at the rate of 837 semi-cycles of current per 
second, thus requiring about half a second altogether. 

Since the speed of transmission depends upon the frequency of 
the alternating current, the limit of speed is determined by* the 
particular alternator used. In the above example the alternator 
available was designed to run at a speed of about 1600 revolutions 
of the armature per minute, corresponding t.o a frequency of 133, 
or 266 alternations per second. To increase the speed of trans¬ 
mission, this alternator was .run as high as 2400 revolutions per 
minute, beyond which it was thought dangerous to go. This 
corresponds to a frequency of about 200 complete cycles or 400 
alternations per second. Through the kindness of Dr. M. I. 
Pupin of Columbia College, a special high-frequency alternator 
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r as loaned for the purpose of testing this system at higher speeds 
f transmission. This alternator, shown in Vi g. Id, is in fact four 
[ternators upon the same sluift, having* 18, 22, 2b, and MO poles 
3 speetively. To obtain the highest speed, the* 150-polo machine 
r as used, and the transmitting wheel geared to the shaft as with 
lc ten pole alternator. The speed of armature* use*d was dISO 
evolutions per minute, corresponding to 101)0 somboyeles pe*r 
icond, or 05,400 per minute, oni frequency of 545. No diflieulty 
as experienced in sending and recording messages at this rapid 
Lte which corresponds to between three and four thou,‘-and words 
sr minute. 


T HE Pe) L A RIZ1 N< i It K( ’ K l\KK. 

The statiuent of the general principles employed in this receiver 
is previously been given, audit remains to describe the actual 
)vm. This instrument was designed for a military chronograph 
) measure the velocity of projectiles, and is known as the Polar* 
ing Photo Chronograph 1 . A view of this is shown in Fig. I T 
Without giving a complete description of the instrument, which 
ay be found in the reference cited, it will suffice to describe its 
sential elements. A sensitive photographic plate Jdx 12 inches 
uare is carried in a metal plate holder, which revolves in the 
heel w driven by the motor m. A powerful beam of light from 
care lamp, a, situated upon an inverted r-rail, o', serving as an 
>tieal bench, is condensed by the lens l, and passes through the 
darizer p, a Nicol prism, thence through the glass tube t, eon- 
ining* liquid carbon bisulphide, and surrounded by a coil of wire, 
rough the analyzer a, a second Nicol prism. The light received 
rough the analyzer is finally passed through a second lens i/ to 
cus the beam upon tin* horizontal radial-slit in front of the mov- 
n sensitive plate. In its operation, the analyzer a is rotated 
\til the light incompletely extinguished, when no current is pass- 
g around the tube t. The coil upon the tube is in circuit with 
c line from the transmitter, and flu* closing of tint circuit at the. 
ansmitter thus sends a current around tin* tube, ami light inn 
edktely appears upon the camera slit. This is accomplished in- 
antly upon closing the circuit, without involving the motion of 
iy material thing. Upon breaking the circuit the light irmno- 


1. “ The New Polarizing Photo-Thnmngmph," Orrhora and Squmr. John 
Hey & Sons, Now York, 1807. Chapman and Hall Lid., London. 
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diately disappears, and by observing the light come and go, it is 
easy to read with the eye as rapidly as can be sent by hand. To 
nroduce a permanent record it is only necessary to rotate the pho¬ 
tographic plate in the wheel w. The time required by the pho¬ 
tographic plate to make a clear record, depends largely upon the 
intensity of the light; but the intensity of light which it is practic¬ 
able to obtain allows the time of exposure to be much shorter 
than is required for the purpose of a telegraph receiver. For in¬ 
stance, suppose the width of slit is one millimetre at a distance 
of 150 millimetres from the centre of revolution, and the plate 
rotates 1000 times per minute, the velocity of a point on the plate 
is 1570.8 cms. per second, and the exposure is therefore about 
.000063 second; for the point crosses the millimetre slit in this 
time. The above figures are those actually used with the chrono¬ 
graph in measuring the velocity of projectiles inside the bore of a 
gun and the records obtained are perfectly clear. The rapidity of 
this receiver is illustrated by stating that as many as seven ob¬ 
servations upon a projectile inside the bore of a U. S. 3.2-inch 
breech-loading field rifle have been recorded in the first 57 centi¬ 
metres (1 foot 101- inches) of its travel, and observations as near 
together as 3.8 cms. (H inches) have been obtained. These cor-’ 
respond in time to intervals less than a thousandth of a second, 
or they bear about the same relation to a second, as a second 
does to a third of an hour. 

In ehronograpliy as applied to gunnery, since the agent which 
operates upon the transmitter circuit is the projectile itself mak¬ 
ing and breaking the circuit by passing through screens, evidently 
if the screens are properly placed according to a code, a message 
could be transmitted to the receiver by a projectile in its flight. 

The Chemical Receiver. 

In a practical form of receiver, it is an advantage to have the 
messages received in such form that they are ready for immediate 
use, and this is the case with the chemical receiver to winch 

reference has already been made. 

Through the kindness of Mr. Del any, some of the sensitive 
paper tape used in his system of machine telegraphy was ob¬ 
tained for experiments with the synchronous transmitter. A 
simple method of obtaining records of currents with this tape, 
which is certain in its action and does not involve any special 
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apparatus, is to place the tape upon a smooth metal surface, 
which serves as one electrode, and to draw a steel'needle, serving 
as the other electrode, along it guided by the straight edge of a 
ruler. If a direct current is used, no record appears when the 
current is in one direction, and it does appear when the current 
is reversed. If a second needle is substituted for the plate elec¬ 
trode, the record appears on one side of the tape for a direct 
current and on the other side for the reversed current. 

If the two needle electrodes are placed side by side upon the 
tape, a record will appear at one needle for a direct current, and 
at the other for the reversed current. Employing the alternating 
current with the single needle and plate as electrodes, the record 
shows a regular succession of distinct marks, separated from each 
other by ecpial intervals. Each mark exhibits an intensity vary- 
ing approximately according to the sine curve. Since by this 
arrangement the current makes its record in one direction only, 
the result is that alternate semi-cycles of the current are sup¬ 
pressed, and alternate ones are recorded. 

By receiving with two needles side by side, all the alternations 
are recorded, those that were suppressed before now appearing at 
the second needle. The record then appears as two parallel lines 
of marks having the maximum intensities in one line opposite 
the spaces in the other. Using the transmitter as already de¬ 
scribed with a semi-cycle as a unit in preparing the tape, and 
receiving in two lines, it is found that some of the marks are 
omitted in one line and some in the other, and to facilitate trans¬ 
lating it is simpler to bring the two lines into coincidence to 
observe the dots and dashes of the message. A message was then 
prepared upon the transmitter wheel, using a complete cycle as a 
unit, instead of a semi-cycle. When received in a single line this 
message is complete, no matter to which terminal of the circuit 
the receiving needle is connected, because each unit now contains 
both a direct and a reversed current, one of which will record. 

The same message was then received in two lines, and one line 
gave the complete message as before, while in the other line there: 
appeared a record for each complete unit in which the current was, 
made. The papers of either the first or the second half of each 
complete cycle composing the message upon the wheel were next 
removed, and the message received in two lines as before. The 
result showed the message complete in one line, while in the other 
line appeared an uninterrupted succession of marks just as given 
by the simple alternating current received in one line. 
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If then an uninterrupted line of marks can be received in one 
line at the same time that a message is being received in the 
other, this uninterrupted line can be used for a second message 
entirely independent of the first. The next experiment accom¬ 
plished this, and it is now possible to use the same line to send 
two entirely independent messages in the same direction at the 
same time at a high rate of speed. The preparation of the trans¬ 
mitting tape to accomplish this, simply requires that the two 
messages, each prepared with a double unit, shall be displaced 
a semi-cycle with respect to each other as they pass through the 
transmitter. 

The advantages of duplexing the line, that is, sending two 
independent messages in opposite directions over one wire [at 
the same time seem more important than those of diplexing the 
line. An arrangement of circuits which accomplishes this 
proves to be very simple. Moreover it permits entirely different 
frequencies to be employed by the transmitters at the two ends 
of the line, and as before involves no synchronous receiver at 
either end. By duplexing the line the speed of transmission 
over a single wire is practically doubled ; for example a line that 
carries 3000 words simplex can carry 6000 words per minute 
duplex. 

It is desirable in many cases to manifold the original copies of 
the message received, and experiments were made to accomplish 
this. All that is necessary is to attach to one terminal, instead 
of a single needle, as many needles as the number of copies de¬ 
sired, having each make its record upon a sensitive surface. The 
manifolding process evidently applies to either simplex or duplex 
receiving. Manifold copies of messages may be received in 
widely different localities at the same time from one and the 
same transmitter, by connecting the receivers in series or in 
parallel. 

The alternating current is adapted to use with condensers in 
series with the line where a direct current cannot ordinarily be 
employed. An experiment was carried out to send a message 
through a condenser having a capacity of 9.57 microfarads in series 
with the line, and it was found that the message was transmitted 
correctly. One object of this experiment was to establish the pos¬ 
sibility of using a set of Morse instruments upon the line at the 
same time that the messages were being transmitted at a high 
rate of speed by the alternating current. By shunting condensers 
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around the set of Morse instruments it was found that the opera¬ 
tion of either system did not affect the working of the other, so 
that it becomes possible to use the same high speed line for a 
complete system of quadruplex telegraphy at the same time. 
Indeed it seems possible that the present Wheatstone system 
could be operated over the line in conjunction with the alternating 
current messages. The experiments with the chemical tape 
which have been outlined above, together with others not here 
given, demonstrate the flexibility of a system of intelligence 
transmission employing the alternating current. 

The use of the alternating current as a means of sending intel¬ 
ligence in connection with the fact that a message can be sent 
through condensers, suggests the possibility of using the prin¬ 
ciples of electrical resonance employing circuits having natural 
periods of their own which will pick out and respond to currents 
from the line having their own frequency. 

Although the above illustrations have employed for the most 
part the Continental code representing a dot and a dash in a 
particular manner by the omission of certain waves, and the 
spaces between letters and words by the presence of waves, yet 
it is evident that this is but one of many combinations which this 
system permits, and that mentioned above is not to be understood 
as representing the most desirable one. 

A characteristic of the records made by electrolysis is the 
natural separation of the positive and negative waves of current, 
which is an advantage in interpretation. This separation is also 
accomplished in the polarizing receiver by employing two receiver 
tubes. Instead of setting the polarizer and analyzer for extinc¬ 
tion they are so placed that some light is normally transmitted 
through each tube. The tube coils are so connected that a positive 
current produces approximate extinction in one tube, and a 
maximum transmission of light through the other. A negative 
current transmits a maximum of light through the first tube, and 
produces approximate extinction in the second. An alternating 
current therefore causes a record of the positive waves through 
one tube, and the negative waves through the other, and thus 
accomplishes all in this respect that the chemical receiver does. 

The Like. 

It is generally understood that the line limits the speed of 
telegraphy. The limit is usually reached because of the dis- 
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tributed electrostatic capacity of the line rather than its resistance. 
The influence of the distributed capacity is to change the form 
of the wave as well as reduce its amplitude. With a given length 
of line having a certain static capacity, there exist limits to the 
speed obtainable with any given set of instruments which would 
be a difficult mathematical problem to predetermine. The diffi¬ 
culty in making this calculation is in the influence exerted by the 
particular instruments used. With different instruments the 
upper limit of speed is very different with the same line. It 
therefore seems that the only way to determine this question is 
by submitting the system to actual trial over a long line. 

In order to test this system over as long a line as was available, 
the land telegraph and telephone lines upon the military reserva¬ 
tion at Fort Monroe were joined in series, making about thirteen 
miles of iron wire having a resistance of 320 ohms. JNot only 
was no difficulty experienced in transmitting and receiving mes¬ 
sages over this line, but resistance was introduced making about 
1,500 ohms total including the polarizing receiver coil of 390 
ohms. This trial was at a frequency of about 200 complete 
periods per second. With the chemical receiver a coil of 10,900 
ohms was used in the laboratory and the record was plainly 
received at a frequency of about 515 complete periods per second. 

Since the polarizing receiver gave indications showing the ap¬ 
proximate strength of the varying currents by the intensity of 
the light upon the plate, it was used to study the effects upon the 
currents of arbitrarily introducing capacity and inductance in series 
into the line, especially the effect upon the make of an alternating 
current at different points of phase. Fig. 15 shows the general 
appearance of the simple alternating current with different expos¬ 
ures, at different speeds of the plate and the same frequency of 
alternation. In Fig. 10 the inner record c is that of a circuit having 
390 ohms resistance, 1.03 henrys inductance, and 1.78 microfarads 
capacity at a frequency of 137. At each make it is observed that 
the first wave is small, followed by a large one. The record at t> 
is for a similar circuit in all respects except that the capacity 
is doubled, being 9.57 microfarads. Theoretical curves 1 have 
been computed for these cases and they are in agreement with 
the records shown. 

The method of neutralizing the effects of the distributed 

1. “ The New Polarizing Photo-Chronograph ”—Journal of the U. 8. Artil¬ 
lery, Fort Monroe, Va., Nov.-Dec., 1896. 






Fio. 1:>. The Pupin High-Frequency Alternator, attached to 

Synchronous Transmitter. 



Fio, 15, Chronograph Records of the Alternating ( hmvnt, under 
varying conditions of circuit and speed of platen 
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capacity of lines by introducing distributed inductance as is now 
done in some telephone lines, would have an especially useful 

application in a line employing the alternating current for tele¬ 
graphy. 

Conclusion. 

When the extent of the transmission of intelligence at the 
present time is considered, and the direct influence which this 
service has upon the development of the world’s progress, any 
proposition which promises to increase its efficiency should be 
received with consideration. 

To better comprehend the volume of this service it is of inter¬ 
est to observe the statistics on the subject. These have been 
prepared for the United States mail service, the Western Union 
Telegraph Company, and the American Bell Telephone Com¬ 
pany of the United States, and are exhibited in graphical form 
in l 1 ig. 16. The statistics for the United States J\lail service for 
the last few years were furnished through the courtesy of the 
P ost m aster- General. 

It is noticed in general, that there is an increase in all depart¬ 
ments of the intelligence transmission service from the earliest 
dates. The number of pieces of mail sent during 1896 was 
5,693,000,000 which is the greatest amount ever sent in a single 
year. The greatest number of telephone messages on record for a 
single year is 757,000,000 in 189o. The largest number of tele¬ 
graph messages was sent in 1893 and amounted to 66,000,000. 
Thus the greatest number of telegraph messages as compared with 
telephone messages is in the ratio of 1 to 11J. The greatest 
number of pieces of mail is in the ratio of 86 to 1 as compared 
v ith telegraph messages, or in the ratio of 7-J- to 1 as compared 
with telephone messages. It is also seen that the cost of the 
mail service of the United States in 1896 was $90,626,000, or 
about $1.25 per capita. The greatest receipts for any year of the 
American Bell Telephone Company were in 1895 $16,400,000, 
.about 25 cents per capita, while the greatest receipts of the 

Western Union Telegraph Company were in 1893 $24,978,000, 
about 35 cents per capita. ? 

It appears therefore that the people of the United States pay 
for a telegraph service of about one-eighty-sixth the amount, about 
one-fourth of that paid for the entire mail service of the United 
States. It also costs one-and-a-half times as much for telegraph 
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service as for the telephone service, although the number of tele¬ 
phone messages is about eleven-and-a-half times as great. 

A conclusion to be drawn from the above general data seems 
to be that the people are willing to pay more in proportion for a 
kind of service like that of the telegraph than any other. From 
the point of serving the people, as well as from a business stand¬ 
point, it appears that improvement in this class of intelligence 
transmission is at present much to be desired. The present state 
of the art of telegraphy points to improvements along the line of 
automatic machine transmission. 

It is of interest to inquire what effects a system of telegraphy- 
capable of sending continuously 3,000 words a minute would have 
on the existing methods. To take a single example of the busi¬ 
ness between New York and Chicago, where about 40,000 letters 
are carried daily, it would require but two lines in continuous 
operation to handle the entire business. At present it takes three 
days to receive by mail a business reply between New York and 
Chicago. This transmission by machine telegraphy could be ac¬ 
complished easily the same day. It is thought that an effect of 
this would be to increase business transactions to such an extent 
that the total volume of intelligence transmitted would be augmen¬ 
ted, rather than to diminish the business now done by existing 
methods. 

The class of business which such a system would probably at 
first obtain would be the less urgent telegraph business of greater 
volume, such as the Associated Press dispatches and newspaper 
press reports. Among the possibilities is the simultaneous pub¬ 
lication of the same newspaper in different parts of the country. 
For example, in an edition of a daily paper having twelve pages 
and eight columns per page, making ninety-six columns in all, 
there are less than 185,000 words. At the rate of 3,000 words 
per minute it would only require about an hour to transmit the 
entire contents of the paper. This calculation furthermore 
assumes that the whole paper is uniformly printed in fine type. 
It would require a single operator, working by hand and aver¬ 
aging twenty words per minute, over six days of twenty-four 
hours each to send this amount. 

The system proposed is especially adapted to meet the de¬ 
mands of this class of business; for the great flexibility of the 
alternating current as employed, permits if necessary con¬ 
siderable amounts of power to be transmitted over the line which 
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may be used for making simultaneous manifold copies of tlie 
same dispatches in each of widely separated cities. In this man¬ 
ner each of the several newspaper company subscribers in each 
city receives the identical service with the minimum delay, since 
each copy received is an original. Each additional subscriber to this 
service represents no appreciable expense to the company, since it 
requires but another receiving needle. Furthermore, the use 
of the alternating current permits the line to be used quadruples 
at very rapid speeds, that is, four entirely different dispatches 
may be sent over one wire at the same time, two in each direc¬ 
tion, and any number of copies of one or all the dispatches may 
be received independently at the same time. 

In addition to the above it is practicable to employ the line for 
a system of the ordinary quadruplex telegraphy at the same time. 
In trial experiments in the laboratory, particular instructions were 
given to the operator of the Morse instrument to observe if pos¬ 
sible when messages w^ere being sent by the alternating current, 
and absolutely no effect was detected. 

The objection may be urged, that it is already difficult to handle 
the business at the present rate of operation of the Wheatstone 
system, and if the instruments worked faster it could not be 
handled. This objection is undoubtedly a real one in some cases, 
and it is partly this fact which indicates that it may be easier to 
inaugurate new methods than to attempt to adapt the new rapid 
transmitters to the present methods. 

A telegraph office of the future will probably present a differ¬ 
ent appearance from that which may now be seen in any of the 
large cities. At present in operating the Wheatstone system in 
this country, sending to long distances at the rate of 150 to 200 
words per minute, both those who prepare the sending tape and 
those who translate the receiving tape are employes of the tele¬ 
graph company and are near the sending and receiving instru¬ 
ments. If it requires about ten men to prepare tape, and as 
many more to translate it for a single instrument operating at 
150 words per minute, it will require twenty times this working 
force for one of the rapid machine transmitters. Evidently 
changes would be required in the present methods to handle this 
business. 

It is thought that a telegraph company of the future will fulfil 
a somewhat different function from the present ones. The com¬ 
pany will own its wires and rights of way as now, but the tend- 



120 


GBEHORE AND bQUIER 


'Apr. 21, 


encj of the offices proper will be to transmit and receive letters 
already prepared rather than to undertake the preparation of the 
letters as well. The income of the company will be derived 
from the rent of its lines at a fixed price per minute, or a fixed 
price per hundred words. The service of the telegraph office 
then becomes like that of the post office, its duty being to receive 
and deliver letters already prepared, as the post office does. The 
difference between the two offices is in the manner in which this 


is accomplished. The telegraph office becomes a post office which 
employs an electric current in a copper wire to carry its letters 
instead of a railroad train. The advantages in point of speed of 
delivering letters by the former method are apparent. Instead 
of requiring twenty-four hours to deliver letters between New 
York and Chicago, it will require but a few hours at most, and 


make it possible to receive a reply the same day. It is probable 
that such a system would take more business from the present 
postal system than any other; for when telegraph letters can be 


sent at reasonable rates comparable with postage, in a few hours 
instead of many days, a certain amount of present post office busi¬ 
ness will be diverted. More than this, when business can be done 


with greater facility than 


at present, the total volume of business 


will undoubtedly be increased, because transactions may take 
place in a day which formerly required a week. 

It would be to the interest of such a company to seek that class 
of less urgent business now done by correspondence, rather than 
the class handled by the present telegraph companies, where the 
highest speed of delivery is expected. If one trunk line becomes 


established' between large business centers, it will draw business 
from a surrounding area. Tor instance, if a line were established 


between New York and Chicago, and a person in Albany desired 
to communicate with Chicago or points beyond, it would be 
quicker to send the letter to New York for transmission, over the 


trunk line to Chicago, and then by rail to its destination, than to 
send directly by rail from Albany. With a few trunk lines in 
successful operation it would not be long before they would be 
multiplied. 


It is understood that these telegraph letters are sent by mail in 
envelopes in the usual manner, except that the envelope contains 
the prepared message ready to be sent through the transmitter, 
and thus the telegraph office becomes relieved of the preparation 
of the letters which is not strictly a part of its business. When 



1897.; 


ON THE SYNCHRONOGRAPK\ 


121 


the system comes into general use, business offices will have their 
-own perforators, and it will become necessary for the operator to 
learn the telegraph alphabet as a part of his preparation as a 
stenographer and typewriter. The three-key perforating machine 
is comparatively inexpensive, but undoubtedly a machine could 
be devised at an early date, as an attachment to the present type¬ 
writer, for the purpose of perforating letters at the same time 
that they are being written by the typewriter in the usual way. 
This could be constructed to operate by the use of electro¬ 
magnets, and can be attached to a typewriter without interfering 
in any way with its operation. JSTo extra power would be re¬ 
quired, for this can be derived from an electric current which 
operates the attachment. The writing may be perforated at the 
present rate of speed of typewriting without the operator having 
any knowledge of the telegraph alphabet as far as perforating is 
concerned. This machine will cost more than the three-key 
perforator, but it would in a short time more than pay for the 
difference in cost on account of the great gain in speed, and also 
because it prints a copy of the letter which may be kept on file. 
Before these perforators are introduced into common use it will 
be necessary to establish offices in the immediate vicinity of the 
terminals of the trunk lines, to prepare letters for persons fur¬ 
nishing printed or written copy, as .well as to furnish a printed 
translation when desired of letters received from the central 
office. The opportunity to obtain a cheaper rate for prepared 
letters will act as an inducement to those employing a stenog¬ 
rapher to add a perforator to their offices. 

Concerning the daily correspondence of the large business 
houses between cities which are the terminals of the trunk lines, 
it might be an advantage for them to have exclusive use of the 
line for a certain number of minutes daily at a certain fixed time 
of day, by subscribing and paying an annual rental to the com¬ 
pany. Knowing definitely at what hour the mail would be dis¬ 
patched daily, it would then be possible for each house to send 
by messenger its daily mail already prepared for transmission 
to the general transmission office, where it could be placed in 
boxes prepared for the subscribers, to be taken out and trans¬ 
mitted when its time arrives. The distribution at the receiving 

end of the line could be accomplished as now by the regular mail 
service. 

In the limited use of rapid automatic intelligence transmission 
*at present, the sending and receiving records are made upon 
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prepared paper in the form of tape. In tlie larger volume of 
business which is being considered here, it does not seem certain 
that tape would be the best form for the sending and receiving 
paper. It would be an advantage to have the letters received 
upon sheets of paper with the dots and dashes arranged in para! 
lei lines. Besides facilitating the reading, this form would be 
more convenient for mailing. It would also easily permit refer¬ 
ence to any part of the letter at a glance. The amount of paper 
required by the use of sheet form instead of tape would be re¬ 
duced, which is an item of importance where such a volume of 
business is being handled. Sending and receiving from the sur¬ 
face of a cylinder seems entirely practicable. 

Another point which must be considered is whether with these 
systems, the induced currents from neighboring wires along the 
line or from any other cause will affect the legitimate signals, 
materially, as has been at times the case with the Wheatstone- 
system. In reply to this it can be said' that these receivers for 
telegraphy are not necessarily more sensitive to small currents- 
because they are rapid. On the contrary, they may be made to- 
require as much current as is found desirable to rid them of the 
effects of outside influences, and at the same time retain the 
property of quick action in response to currents of the proper- 
magnitude. In this connection it may be said that the utility of 
a single line wire becomes so great that more attention will be- 
given in the future to the line construction and maintenance. If 
millions of dollars are invested in the construction of a single¬ 
railroad, is it not as necessary to make the telegraph lines which 
carry important and profitable business as perfect in their con¬ 
struction ? 

The telegraph line of the future will comprise substantial poles- 
carrying a few copper wires worked to their full capacity for 
transmitting electric signals. The cost of maintenance of such 
a line when once constructed will be little more than for an or¬ 
dinary iron wire now used, while its carrying capacity for intel¬ 
ligence at 3,000 words per minute simplex will be about equal to- 
160 wires used for hand transmission simplex. By duplexing 
the line, the carrying capacity is doubled and becomes 6,000 
words per minute, which is about equal to 160 wires worked 
duplex, or to SO wires worked by hand quadruplex. 

It is thought that the influence which the inauguration of a. 
telegraph letter system would have upon the existing telegraph. 
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and telephone business would be to increase rather than diminish 
it. Each of these services has its own special field of usefulness 
but little affected by the others. A new field would be occupied 
rather than an old held supplanted. The present telegraph and 
telephone would still have their natural field of operation, even 
though the best hopes for a telegraph letter service are realized. 

A single line capable of sending 6,000 words per minute 
between New York and Chicago, becomes a different kind of in¬ 
vestment from a long distance telephone line where the number 
of words per minute with the fastest rate a speaker can talk is 
very slow in comparison, and the charge is $9 for five minutes’ 
use of this line. 

The application under government control of a rapid system 
of correspondence transmission such as has been outlined, operat¬ 
ing in conjunction with the present postal system, by supple¬ 
menting and relieving their service could hardly fail to prove of 
benefit to the people of the United States. This comes within 
the proper duty of the Post Office Department, and would be 
under the direct control of the Postmaster-General. The simpli¬ 
fication in operation and expense which would result from uniting 
directly with the general post offices of large cities the telegraph 
letter service would soon be realized by the people and a better 
service insured. 

As a practical means toward ultimately assuming the direct re¬ 
sponsibility of this new service, it would probably be easy to se¬ 
cure private companies which would be willing to contract with 
the Post Office Department to transmit telegraph letters at a fixed 
rate for a term of years. In this manner the Department could 
gradually absorb this branch of its business and be relieved of any 
sudden new responsibility and radical reorganization. 

It is not thought that the development of a rapid intelligence 
transmission service to the extent suggested could be accomplished 
before many years, nor indeed that the manner or means of this 
development should closely follow the lines indicated, but that 
something analogous to this development seems among the pos¬ 
sibilities if not the probabilities of the near future. 

The persistent efforts of Mr. Delany and the great system 
which he has developed are well known, and the ideas which he 
has advanced in regard to the applications of rapid systems 
are in the main in accordance with those stated herein. 
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Discussion in Chicago April 21st 1897. 

(Mi*. A. V. Abbott, in the Chair.) 

Dr. Frederick Bedell:— It gives me great pleasure this 
evening to read a paper preparedly Dr. Crehore, with whom I 
have been so closely associated in scientific work, and Lieut. 
Squier. The paper deals with a system of high-speed telegraphy, 
the speed attained being far beyond the speed reached by the 
methods now in vogue. "The paper is a long one, and as each of 
yon have a copy of it in hand, I will pass rapidly over the minor 
details, and devote more time to the salient points of the paper. 

[Dr. Bedell then read the paper.] 

Prof. W. M. Stine : — I would like to have you explain how the 
plate is held, and the mechanism of the revolving disk, also how 
the exposure of the plate is effected. Is the apparatus used in 
the light ? 

Dr. Bedell:— The plate is held in a light-proof plate holder. 
The whole apparatus is used in the light. When used as a 
chronograph for determining the velocity of projectiles, the 
operator presses a key, and a circuit is closed which starts the 
projectile; the shutter is opened automatically by means of an 
electro-magnetic device, so that the shutter is only open during 
the time of one revolution of the plate. This instrument (the 
Polarizing Photo-Chronograph measuring instrument) can be 
read to one one-thousandth of a degree, and estimated to one ten- 
thousandth of a degree. 

Mr. A. Y. Abbott (the Chairman):—Gentlemen, I for one feel 
we have listened this evening to a paper which will take us some 
time to digest, and assimilate, for the bearing of the subject upon 
that portion of electrical science with which it deals is of great 
importance. The only criticism which I could make upon the 
paper is, that the authors have failed to show a plan for doing 
away with the telegraphic system entirely, and do not indicate 
to us how to transmit intelligence by intuition from person to 
person, in all parts of the world at the same time. The salient 
point which has occurred to me this evening is the simplicity and 
at the same time the ingenuity, which the authors have displayed 
in their apparatus. The idea of transmitting signals by suppress¬ 
ing half of each wave at precisely the right time, so that the 
inductance of the line would have but little effect, seems such a 
simple and yet effective thing that we all wonder why we had 
not thought of it ourselves. But how to get an inertialess re¬ 
ceiver, which was the question that occurred to me, to get some¬ 
thing that would record those signals and place them on record, 
and in such shape that they could be translated and read,—it is a 
wonderful thing. To institute a set of signals is one thing; to 
receive and place them on record is a very different problem, and 
I think even Faraday would have been greatly surprised if any¬ 
one had predicted to him that the discovery of the effect of a 
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magnet on a ray of polarized light could be made flu* bask of 
such an invention. 

Mk. W. W. Rydkr:—I n railroad work there 4 would hardly Ik* 
a possibility, or J should say a probability, of an extended use of 
this system, as there is never a large 4 accumulation of messages 
between any two points that would require such speed of trans¬ 
mission. 

I realize, however, that it would meant a great deal to the* com¬ 
mercial telegraph companies if this scheme could be put info 
practical operation upon the 1 present telegraph circuits. There 
is always a great amount of business constantly passing between 
the larger cities, and such a system would be 4 of great* henelit in 
quickly handling it This would he* especially true 4 when the 
wires ate prostrated by storms. The messages could be prepared 
for transmission and as soon as the lirsl win* was repaired, the 
business could be started at a rate that would quickly relieve the 


congestion. 


* ^ 


Mu. Abhott Humanity is never satisfied and always wants 
something a little better,or a lift le quicker; though I ha\ e heard 
it said that when railway postal facilities were'’first talked of, 
they were objected to by tin* more conservative as being entirely 
unnecessary, for had they not had a poMman on horseback, wlm 
could travel five miles an hour, almost as fast as the railroad 
train of those days, and what did they want better than tin-!' 
Besides, it there were better facilities, too much time might 1m* 
spent in writing .letters. When the telegraph came fifty "years 
ago, the same objection was made; there were good postal ‘facil¬ 
ities, and when the* telephone came, there was the telegraph and 
the (listrict messenger service. Individually I should feel that 
no invention could he too quick for us in this country. The faster 
we can work telegraph limns, the more economical!v the message 
can l>e sent, and the more* people wdl use the telegraph, if train 
mission can he cheapened. 

Prof. 0. V. K kkr : --The idea that is embodied in this system 
is ceituinh a voiv beautiful our*, and seems e\fremel\ simple, 
Now, looking at it from a commercial standpoint, it seems to me 
that at the hist stage this apparatus must be limited in its use to 
lines where there is a great congestion of telegraphic matter. 
Ih® apparatus is necessarily expensive. There must be, in the 
first place, the apparatus for light, and then tlrn polarizing appa¬ 
ratus, and then the apparatus for getting the record after the 
message is prepared on the strip oI paper. If tin* apparatus for 
quickening the recording of tin* message itself can be made as 
beautiful and quick and simple as an* the main ideas of the upon- 
latus, it certainly will he a wonderful system. But we have first 
to prepare the message itself, then develop the photographic 
plate. Now. that will take time,and it will la* expensive, so that 
looking at the system from this point of view, my first impression 
v^ould be that it is going to he limited in its applications unless 
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these points can he cheapened in some way. But it is not safe 
ever to say too much as to wliat can he done with a new inven¬ 
tion, for again and again our ideas have been set aside by later 
developments. 

Mr. Abbott : — The complexity of the apparatus is certainly at 
present formidable, but, as Prof. Kerr has pertinently added, a 
new invention is always more complicated than it is in its suc¬ 
ceeding steps. It is not impossible that simplification may occur 
in a very marked degree. Furthermore, even with its present 
complexity, it is not impossible that the cheapness of wholesale 
business might render it an eminently successful system. I think 
if photographers ten years ago had been presented with the kinet- 
oscope and its companions of a similar nature, and had been 
asked to take twenty or thirty pictures per second, as is now suc¬ 
cessfully done, they would have said it was impossible, or if pos¬ 
sible, would have been too expensive, while it is an actual fact 
that the cost is entirely within commercial bounds. 

Me. F. E. Deaxe : — I confess to some considerable degree of 
interest in this very charming paper, having had several years 
experience in the telegraph. I realize the step that is here ex¬ 
pressed, in passing from perhaps forty to fifty words a minute to 
three thousand words a minute, and believe there are a great many 
points' of possible development in this system. With my limited 
experience in the old style telegraph, I can predict that under the 
careful scrutiny and painstaking zeal and ingenuity of these gentle¬ 
men, they will be able to accomplish a result which will be of 
great benefit to the entire world. We are so accustomed now to 
receiving intelligence with marvelous speed from all points of 
the globe, that this method is only in touch with what we most 
desire. From a technical standpoint, I do not feel in any way 
competent to express an opinion. The question of photographic 
plates seems to me the most serious which rises in connection 
with this device. Another thing which occurs to me is the fact 
that you have to go through almost all of the old methods in 
order to get jour message readable, although the speed attained 
in transmitting is marvelous. Then again, the receiving of 
the messages and getting them into condition for the under¬ 
standing of the press and the public at large, adds to some 
pressing commercial features of the present code. I believe that 
one of the most important advances which will be made in this 
direction will be the simplification of the codes to be used, and the 
introduction of a new scheme of phonographic telegraph, express¬ 
ing synchronously words, phrases and sentences. That one point 
strikes me as being the greatest possibility of this new invention, 
and I predict we will hear from it with a great amount of in¬ 
terest. 

Dr. Bedell:— Some of the speakers have expressed their 
opinion that this system is exceedingly promising, but that it 
possesses obstacles, which, although of minor importance, may 
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be serious in practical ways. They have also suggested the over¬ 
coming of these obstacles as a matter of future development. 
Such is the case. The first endeavor is to establish the feasibility 
of the system, and to develop some plan which will be operative. 
After going thus far, and demonstrating by a series of experi¬ 
ments that the system is a practical one, it is proper time to de¬ 
termine the exact form of apparatus which will be simplest and 
best. For instance, the instrument shown on the screen, used as 
the polarizing receiver, was one constructed for chronographic 
purposes, with no definite consideration so far as telegraphy is 
■concerned. However, the authors of the paper have developed 
two forms of receiver, one of which has been partially neglected 
in the discussion this evening,—the chemical receiver. The 
chemical receiver may be used, and it was dwelt upon at less 
length because it needs less explanation. The polarizing receiver 
was discussed more at length because more of the early experi¬ 
mental work was done on that receiver, and it has many features 
which are worthy of consideration. The chemical receiver, how¬ 
ever, in the minds of the inventors, possesses many points of 
superiority over the polarizing receiver. They thus secure a 
receiver which possesses a degree of simplicity comparable with 
that of the transmitter. In regard to the polarizing receiver, it 
may be said that a simplification has already been made.' The 
authors of the paper suggest the use of a continuous tape instead 
of a disk, this tape passing through a developer, and coming out 
already fixed. It seems that this apparatus could be arranged so 
as to be, in a way, comparable with the chemical receiver. There 
is no doubt that if the system receives careful attention, as it is 
sure to do, sundry details will be perfected, and simple instru¬ 
ments devised. . This development, however, would simply be in 
the way of modification. of the general idea, that is, of transmit¬ 
ting signals by suppressing distinct predetermined half-waves of 
an alternating current, and to receive them by some kind of 
massless receiver. 

Mu. Abbott :—I think that Prof. Stine has voiced the thoughts 
of most of us, particularly, if we take into consideration* the 
capacity of the apparatus proposed. This device, undoubtedly, 
would be very expensive if it were to be applied only to the trans¬ 
mission of a few words a day, or messages of a few words each. 
But even a fraction of its capacity would indicate that it undoubt¬ 
edly would be very much cheaper than any system we now have. 

It is, undoubtedly, somewhat complex, and may require consider- 
.ij? apparatus and skill for its installation and operation, but it 
will enable communications to be sent with marked economy over 
anything now in sight. I think we should have but little doubt 
but that the volume of business would come just as soon as a 
commercial showing indicates the possibility of cheaper trans¬ 
mission than we now have. 
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Me. "W. D. Ball: —First of all, I want to add my little mite 
to the words of praise which have been given to the paper read 
to-night. I am like a good many others who are here,—I have 
not been able to digest it, but I am something like the small hoy 
who can ask questions, if he can’t do anything else. There are a 
few points which I would like Dr. Bedell to take up more at 
length, if possible, with regard to the practical application of the 
working of the apparatus. In the first place, I might say I would 
not be willing to admit at present its greater economy in the 
matter of transmission of messages until we have some practical 
data regarding the amount of time taken for preparing the rib¬ 
bons and photographic plates, etc., and for the expense of the 
force necessary to take care of the transmission, repetition and 
recording of messages. The figures shown on the screen have 
aptly illustrated the paper, but I believe nothing was said with 
regard to the amount of energy necessary to transmit messages. I 
take it, of course, that the difference of potential impressed upon 
the circuit would depend almost entirely upon the length of cir¬ 
cuit, the resistance to be overcome, etc. If Dr. Bedell can, I should 
be very glad to hear him tell us of the voltages used, and give us 
what other practical data he may have regarding it. It is unfor¬ 
tunate that we did not get copies of this interesting paper in time 
to have read them over. Possibly these points are touched upon 
in the paper. At the same time, I should like Dr. Bedell to dwell 
a little more at length on the effect of induction in the lines and 
the possibility of long distance lines, both as affected by the induc¬ 
tance of the lines and by the frequency of the alternations. 

Dk. Bedell: —I regret that the inventors are not here to 
answer some of these inquiries, for they are all questions of detail 
with which I am not sufficiently informed to give adequate an¬ 
swers. I do not know the exact electromotive force employed 
in their experiments; nor do I have practical data concerning 
the line, its length, capacity, and resistance. The line was a 
short, experimental line, which had its actual length increased, 
however, by resistances inserted in the laboratory, and the authors 
have made computations as to the feasibility of long-distance 
telegraphy, which have resulted favorably. If it does come, how¬ 
ever, to a question of increased cost of line construction, as it 
undoubtedly would where there are long distances, as across the 
continent, we could well afford to put a good deal of money into- 
a line where we had but one to maintain, instead of many. One 
point concerning the labor of preparing the perforated tape: the 
labor, unless some special device is introduced, would be the 
same, no more and no less, than there is now in the methods of 
machine telegraphy. It has been suggested by the authors that 
the work of translation, so to speak, be thrown upon the indi¬ 
vidual. That is, we dictate a letter to our stenographer, who 
transcribes it upon the typewriter by performing two operations, 
at once, one, preparing a copy of the letter in readable form for 
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preservation, and the other preparing the perforated tape. This 
perforated tape is then put in an envelope and dispatched to the 
sending station. The sending station would not then need a large 
force in transcribing messages, but simply enough men to operate 
the machine proper, the other work being transferred to the 
private office. However, too much cannot be done at once. The 
step which has been taken is to eliminate the time element in the 
necessary part of the transmission. 

Me. Louis Pei vat I should like to ask Prof. Bedell one 
question before we close our discussion. Could this system be 
applied to Trans-Atlantic cables ? It seems to me that this is a 
place for great economy, if it could be used in that manner. It 
seems to me that an invention of this kind, which would distribute 
so much intelligence in such a short time, would be particularly 
desirable there, where, under the present method, transmission is 
so expensive. This system would undoubtedly be much cheaper. 

Dk. Bedell : — Cable transmission by this system has not 
yet, I believe, been subjected to experiment. It has been con¬ 
templated by the authors, and a cable has been placed at 
their disposal to be used at such time as they are ready to under¬ 
take that experimental work ; but the time at their disposal has 
not yet allowed them to avail themselves of this opportunity, for 
they have found so many other points of detail to occupy their 
attention that they have had to forego this experiment. I do not 
doubt, however, but that it will be taken up in the near future. 

Peof. Stife : — ¥e have all been delighted with the paper 
which has been presented to us this evening, and the very clear, 
full explanation which has accompanied its presentation. I think 
all present will cordially join me in a vote of thanks to Dr. 
Bedell for his kindness in coming to us to read the paper, and 
taking such an interest in explaining it. 

(The vote of thanks was unanimously carried.) 
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Discussion in New York May 18th, 1897. 

(President Duncan in the Chair.) 

Mk. Francis W . Jones : — The proposition to increase the 
efficiency of the electric telegraph by the employment of some 
automatic system that will admit of the transmission of several 
hundred and even thousands of words continuously per minute 
lias been a favorite one, not only with visionary and impractical 
minds unfamiliar with the every day demands of the telegraph¬ 
ing public, but the idea has been cherished by practical telegraph 
engineeis of the most distinguished ability ever since the con¬ 
ception of the electric telegraph both here and in England, the 
two countries that have led all others in bringing to their present 
state of perfection the wonderful systems that are being em¬ 
ployed upon the land and submarine wires of the world. 

It is not complimentary to the managers of the great telegraph 
systems of the world, particularly those of Great Britain and 
America, to suppose that they would go on year after year 
putting up hundreds of thousands of miles of new wires,' the 
majority of which are pure copper, to meet the increasing de¬ 
mands of the public, or to allow the post office to carry an 
enormous volume of mail matter by railroad, when by the em¬ 
ployment of a system similar to the one proposed, as much busi¬ 
ness could be transmitted from New York to Chicago in 10 hours 
b ^T?, ne ^ ire > as i® 110w done by 100 wires worked quadrnplex. 

lhat there have been very high speed automatic systems put in 
operation at a great expense is a matter of record, and 1 believe 
that the failure of such systems to bring about a cheaper and 
more rapid handling of telegrams was in no way due to inability 
to tiansmit and record the signals fast enough over the wire but 
was due to other and very different things, so I do not deem it 
necessary at this time to enter into any discussion of the particu¬ 
lar method of transmission proposed under the name of the 
Synchronograph,” but will endeavor to present a few stubborn 
facts which so far have stood in the way of the realization of the 

1°“* mv T lt0rs V1 ® 10n of the practical application of sending 
3,000 words per minute between New York and Chicago, and 
performing the entire postal service represented by 40,000 letters 
daily upon two telegraph wires. 

Latimer Clark, President of the Society of Telegraph Etmin- 
eers (now the Institution of Electrical Engineers) inl.is inaugSral 
address in January, 1875 m giving a history of the development 
. f -Biitisli telegraph system under the various companies 
prior to its consolidation with the post office by the British Gov¬ 
a Chemi ? a ! Panting teiegraph of Mr. Alexander Bain 
deserves a special notice. Chemical telegraphs were suggested 
a an early date, and m 1838 Mr. Edward Davy patented a 
chemical marking telegraph of considerable merit employing 
calico tapes moistened with iodide of potassium. In 1846 Mn 



1897 .] 


DISCUSSION IN NEW YORK. 


181 


Bain patented his system, and in addition to the use of an 
iron style resting on paper moistened with a solution of ferro 
cyanide of potassium described the important principle of setting 
np the messages on perforated paper, a system which has done 
more to increase the capabilities of the telegraph than any other 
invention. 

“That invention was exhibited to the Electric Telegraph Com* 
pany, and while being examined, one of the regulating springs 
broke and allowed the instrument to travel around with uncon¬ 
trolled speed.. .To their surprise they found that the whole 
message was visible and had been transmitted correctly at the 
rate of several hundred words per minute upon which they re¬ 
solved to purchase the invention without delay. I believe Mr. 
Bain received £7,000 for his patent.” 

“They employed the system of printing on chemical paper for 
some years until it was eventually supplanted by the Morse 
inking system.. Nothing however was done with the punched 
paper until Sir Charles Wheatstone introduced his very beauti¬ 
ful automatic printing telegraph which is the most rapid system 
of telegraphing at present in ordinary use. 

“ Real capabilities of the Bain system remain however to be 
yet developed. The Americans have recently reintroduced it 
with startling results, and have shown that on ordinary circuits 
400 or 500 words per minute may be readily transmitted by its 
means. When the capabilities of this system become generally 
known to the public, it will doubtless insist on enjoying the 
advantages to be derived from it, either in the form of length¬ 
ened messages or a lowered tariff. & 

“Without some such system much of the celerity to which we 
are now accustomed will be lost amidst the enormous accumu¬ 
lation of work which must sooner or later fall upon the tele¬ 
graphic system of this country. The electric telegraph is quite 
capable of transmitting a large portion of the business of the 
country which is now transacted by letter, and is being so 
employed more and more.every day. If this expansion of traffic 
be accompanied by facilities for securing rapid transmission for 
important messages the pecuniary gain to the post office will be 
very great., while the benefits afforded to the commerce of the 
country will be enormous.” 

Mr. Clark was engineer for the principal English telegraph com¬ 
pany prior.to its being absorbed in the government system in 1870, 
at which time a uniform rate of one shilling for "twenty words 
with addresses had been adopted, and the public led to believe that 
by bringing the lines of five or six different companies under the 
management of the post office, and by the use of the Wheatstone 
automatic system, that an enormous volume of business could be 
so economically and readily handled that the tolls could be low¬ 
ered almost to postage rates. 

According to Mr. Preece’s paper read before the London 
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Society of Arts in May, 1887, the Wheatstone automatic syst 
had been constantly improved until it had a transmitting caj 
ity between London and Ireland through the channel cablei 
follows: 


Year. 

1870 

1875 

1880 

1885 

1887 


Words per min 

. 50 

. 70 

. 150 

. 250 

.450 


The number of messages transmitted by the British syst 
immediately after the transfer to the government under the s 
ling rate, was about 12,000 messages of 30 words each per c 
which upon the basis of calculation that has been usually adop 
by the advocates of high speed telegraphy, could have all b 
done in eight hours upon 5 Wheatstone duplex circuits at 
rate of 80 words per minute each way. Notwithstanding 
we fiud that Mr. Preece in the foregoing mentioned paper st; 
as follows: 

“The rapid increase of business that resulted from the unift 
shilling tariff soon led to the erection of more wires, and 
multiplication of wires soon attracted attention to methods 
duplexing and quadruplexing the circuits. The duplex sys - 
means a inode of sending two messages in opposite direction 
the same time. This was shown to be possible by (finti, 
Vienna, in 1853, but the necessity for such a system did 
arrive until 1872, and as the moment a want is teit somethin 
sure to turn up to supply this want, so when the duplex 
needed, Mr. Stearns arrived from America, with a well wor 
out practical system that was at once adopted, improved, 
perfected. Stiil further congestion arising, quadruplex work 
or the art of sending four messages on one wire at the same ti 
became desirable, and a practical quadruplex system, due to 
Edison, was imported in 1877 from the same inventive and p 
tical, region, the United States. Later on in 1885, a still furl 
development was matured in America, viz., the multiplex sys 
of Delany, by which six messages can be simultaneously s 
which we have adopted, and the main features of which I i 
show you in action. The chief reason why these systems h 
been matured in America is that the want has been experien 
there before here. Neither system was invented in Americ 
each was invented in Europe. There are other wants that 1: 
been experienced here before there, and those who have vis 
the States have found that English inventions are equally an pi 
ated and adopted there. It is in automatic telegraph that 
have made the greatest advances.” 

The editor of the London Telegraphic Journal, January 
1875, says, “The Postal Telegraph Department has during 
year (1874) introduced the sounder as much as possible, an( 
may be now definitely considered as the instrument of the fut 
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its various advantages have at last become apparent, and in time 
we shall observe its use as wide and extended as may be seen in 
the United States.” 

“The duplex continues to advance, and the Stearns system is 
rapidly becoming extended. The advantages derived from the 
system of duplex working have daily become more and more 
apparent.” 

In 1885 the clamor of the press and the pressure of 
the various provincial Chambers of Commerce caused the 
British Parliament to inaugurate a telegram rate of sixpence 
for twelve words, counting addresses and signatures, and a press 
day rate of 75 words for one shilling, and between 6 P. M. and 
9 A. M. a night rate of 100 words for one shilling with addresses 
free, and twopence for every drop copy. 

To prepare for the expected increase in business $2,500,000 
were expended to meet the increased traffic, of which $2,375,000 
were expended for new poles, wires, and instruments. There 
were added to the system : 

850 miles of pole* line, 9,200 miles new wires thereon, 11,600 
miles new wires on old poles, 40 sets "Wheatstone automatic, 8 
Morse quadruplex, 300 Morse duplex, 350 Morse sounder circuits, 
150 needle sets. 

One month prior to October 1st, 1885, when the sixpenny 
tariff went into effect, the London Central Station was equipped 
as follows: 

Metropolitan Department: 50 sets duplex sounders, 75 sets 
relay duplex, 71 Morse single sets, 55 sounders, 133 needles, 4 
dials. 

In the Provincial Department: 32 Wheatstone sets duplexed, 
58 Wheatstone sets single, 17 quadruplex, 18 duplexed regis¬ 
ters, 93 duplexed sounders, 45 Morse sets, 37 sounders, 28 
needles. 

Making the total number of circuits 698 Morse, 161 needles, 
4 dials and 122 Wheatstone. 

The Wheatstone sets were located in the news division of the 
Provincial room, and about 70 transmitters were kept busy send¬ 
ing out news. The pneumatic punchers perforating three or 
more slips simultaneously, the same news answering the wants of 
newspapers in almost any part of Great Britain or Ireland, served 
by many diverging circuits from London, and during the year 
ended March 31st, 1885, 33,278,459 messages including press 
reckoned at the rate of 30 words per message were transmitted. 

On July 25tli, 1887, the Postmaster General at the English 
Telegraph Jubilee dinner in London after describing the develop¬ 
ment of Wheatstone’s needle system said: “ Then came another 
probably more even astounding development, the sounder instru¬ 
ments, by which messages are transmitted by sound without any 
record. I venture to "believe that that achievement has out¬ 
stripped the wildest dreams of imagination, and that the present 
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pace of the electric telegraph between London and Dublin where 
the Wheatstone automatic is employed, amount to 462 words a 
minute.” 

The Postmaster General also gave the number of telegrams 
sent through the post office of the United Kingdom in 1886 as 
51£ millions including about 480 million words of press for the 
London and provincial newspapers, at an average rate of two¬ 
pence per hundred words and the Postmaster General states 
that the cost to the public revenue over and above the tolls 
received for the press service is not less per year than one million 
dollars, which is practically a subsidy for the diffusion of intelli¬ 
gence. This sixpenny tariff had reduced the receipts per tele¬ 
gram from Is Id to 8d, netting for the year ended March 31st, 
1886, a loss of $1,115,000 which added to the interest due on the 
capital stock of purchase (viz $54,402,855) amounts to a deficit 
of $1,857,770 ora grand total loss of $12,765,045 since the public 
tried to do its own business at rates below cost. 

Notwithstanding this loss we find Mr. E. Cox Walker in the 
Northern Echo of England, in 1887, agitating a threepenny 
rate with the same old arguments that had been used prior to 
1870 and 1885, to inflame the public mind. I quote as follows, 
“ There cannot be any doubt in any one’s mind as to the enorm¬ 
ous increase that would take place and the benefits that would 
arise therefrom to the commercial world, which is really the great 
user of this mode of communication. The cost of transmitting 
messages will of course be greatly reduced, as regards each mes¬ 
sage, by the full use made of all the instruments and wires. Then 
the carrying capacity of the wires is being greatly increased by 
the substitution of copper for iron wires, and"the speed of signals 
has been wonderfully increased during the last year or two; news 
being now sent at the rate of 450 words per minute between Lon¬ 
don and Ireland and elsewhere.” 

On May 13th, 1892, a large deputation from the associated 
Chambers of Commerce waited on the Postmaster General urg¬ 
ing the reduction of rates by allowing addresses to go free, not¬ 
withstanding the deficit for the last year was nearly two million 
dollars, with probably the post office bearing on its own account 
a large share of expense for use of offices, light, fuel, and services, 
that should have been borne by the telegraph service, the deficit 
has been yearly increasing up to the present time. The traffic in 
1885 was about 100,000 telegrams of 16 words, a day. 

To transmit these messages there were in the London central 
station 130 single sets of Wheatstone, each set of which was, or 
could have been, duplexed, and capable of transmitting on the 
longest circuits out of London 462 words each way or a total of 
831,600 sixteen word messages to and from London during eight 
hours every day, or a grand total of nearly 24 million messages 
per day operated continuously for the 24 hours. 

Besides the Wheatstone automatic there were quadruplex, 
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duplex, and single circuits, aggregating 1100 circuits, capable of 
actual not theoretical, Morse transmission each one at the rate of 
over 70 sixteen word messages per hour, or a total of 528,000 
messages in 8 hours. 

Thirty English newspapers have special Morse wires and ope¬ 
rators from 6 p. m. to 6 a. m. and the Scotsman , Newcastle 
Chronicle , Manchester Guardian , and some others had two 
wires each for news from London. It is highly absurd to suppose 
that because the Wheatstone system did not transmit at the rate 
of 1000 or more words per minute that 130 sets in London in 
1887 were employed to transmit only about 1,000,000 words of 
press per day, when those sets had the capacity to transmit in 
eight hours 16,348,800 words “single” or 32,697,600 words “du¬ 
plex” at the rate of 262 words per minute per set in either 
direction. 

It is also equally as absurd to suppose that the purchase and 
use by the British government of the Stearns duplex, the Edison 
quadruplex and the Delany synchronous multiplex—all Morse 
systems—was due to the fact that the Wheatstone was not in itself 
fast enough. That the latter system would work at the speed 
hereinbefore stated we have unimpeachable evidence, and that its 
failure was not due to imperfect work is also well authenticated. 

In Preece & Sivewright’s work on the telegraph (L891) page 
163 is as follows : 

“Automatic instruments are employed on nearly all long cir¬ 
cuits in England, not only because they increase the capacity of 
wires for the conveyance of messages, but because they are so 
specially adapted for the conveyance of news, which is such a 
distinctive feature of the English system of telegraphy. One batch 
of news is often sent to a great many different places, and as many 
as four or even eight slips can be prepared at one operation, and 
one slip can be used several times, the labor of preparing for 
transmission is very much reduced. It is of course evident that 
apart from its extreme accuracy the chief value of the automatic 
system is its increased speed of working.” 

In the United States the subject of fast speed telegraphy very 
early attracted attention, and here, as in England, it was then 
concluded that once a system was devised to carry several hun¬ 
dreds of words per minute over a wire, that a great revolution in 
telegraphy would follow, as will be seen by the following edi¬ 
torial in the Telegrapher of June 26th, 1869. 

“We have heretofore stated repeatedly that we could see no 
way in which the popular demand for a material reduction of 
tolls could be met except by greatly increasing the transmitting 
capacity of the wires by automatic telegraphing, by which the 
practically instantaneous transmission of the electrical impulse 
may be made available.” 

Another editorial in the same journal, January 1st, 1870, says, 
“ In connection with the question of a material and permanent 
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reduction of the charges for telegraphic service we have consist¬ 
ently argued that such reduction was only possible through a 
very great increase in the capacity of the instruments used for 
transmitting communications. Further observation and reflection 
has confirmed this opinion, any attempt otherwise to establish 
eheap rates notwithstanding the one-sided argument of Washburn, 
Gratz Brown, Gardiner Hubbard, and other advocates of low 
charges, and postal telegraphs, must result in loss to whoever 
undertakes the work whether it be a corporation or the vovern- 

,, •*-0 

ment. 

“ To successfully accomplish such an increase of capacity as is 
essential to a material and permanent reduction of charges for 
telegraphic service, the invention of a reliable automatic system 
is indispensable.” 

In 1870 a line with one wire was put up between Washington 
and Hew York by D. H. Craig and others, for the purpose of 
developing the automatic system of Mr. George Little, and ex¬ 
periments were made at great expense until 1872 when offices 
were opened in December of that year in Hew York, Philadelphia 
and Washington for public business. 

. The subject about this time appeared in a new and more prac¬ 
tical light to the editor of the Telegrapher, as evidenced by an 
editorial inspired by our late Past President F. L. Pope on J une 
15th, 1872, referring to the Craig-Little system as follows: 

“While the columns of the Telegrapher have at all times 
been open to the fullest and freest discussion of automatic tele¬ 
graphy, we have abstained from engaging in such discussion edi¬ 
torially because we did not care to prejudge an experiment which 
was being conducted energetically and with great liberality of 
expenditure by the parties in charge.” 

“We have been aware that in experimental, trials very wonder¬ 
ful results, have been obtained. We have never doubted the 
practicability of transmitting signals over the wires within certain 
limits of distance, at any desired rate of speed. The principal 
difficulties and obstacles"encountered in lutomatic telegraphy 
are not in the transmission of the signals * they are in the prep¬ 
aration of the slips.and in the translation and preparation of 
the dispatch for delivery when they have reached their destina¬ 
tion, the practical limit.of speed must always be, not what can be 
transmitted' oyer the wires in an hour, but what can be prepared 
for transmission and delivery. 

To show to what perfection the Craig-Little system had arrived, 

I will quote from a letter of Craig to the editor of the Telegrapher 
dated Washington, September 10th, 1870. 

“A year ago, I bespoke your favorable consideration of a new 
telegraph enterprise which I had then fully entered upon, and 
which it gives.me great pleasure to inform you has now been 
consummated in the completion of a very superior line of tele¬ 
graph of compound wire, steel and copper, and the perfecting 
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of our new system of automatic telegraphy by means of which 
we are now transmitting from this city to New York and vice 
versa, 500 words per minute over one wire, a rate of speed equal 
to the average speed of more than 50 wires by the Morse system. 
The perfect simplicity, accuracy and reliability of the new system 
is not less remarkable than the wonderful speed above stated.” 

“We can by our new system transmit intelligence direct and 
with one writing from this city to every other city and directly 
into the editorial rooms of every journal in the country at the 
rate of 500 words per minute recording the same in clear, dis¬ 
tinct, and perfectly accurate characters.” 

In September, 1870, the President of the Western Union 
Telegraph Company challenged Craig for $1,000 to transmit a 
message of 2,000 words from Washington to New York under 
the following conditions. 

“The Western Union will use but one wire and employ but 
two operators—one at each end—who will not be changed or 
relieved during the trial. Mr. Craig shall be allowed six 
operators—three at Washington to prepare and transmit, and 
three at New York to receive translate and copy the dispatch ; 
and whichever party transmits, makes three legible copies and 
first delivers them at tlie offices of the Herald , World and 
Tribune respectively, shall receive the $2,000. The Western 
Union will place at Craig’s disposal two extra wires so arranged 
that one of them may be substituted for his own in a few 
seconds.” 

This challenge was never accepted. Craig, however, made an 
evasive one on September 3, 1870, that the President of the 
Western Union Telegraph Company should join him in deposit¬ 
ing $10,000 with some acceptable party and if after twelve 
months and for five, years thereafter Craig did not earn and pay 
to his stockholders 1*0 per cent, of the dividends, for every one 
per cent, that may be earned and paid by the Western Union, it 
could claim Craig’s deposit.” 

On January 7th, 1871, George Little, the inventor, published 
in the Telegrapher a statement that it was a fact that 2,000 or 
more words per minute could be transmitted oyer a No. 8 iron 
wire 250 miles long. 

On February 3, 1872, an adverse critic in the Telegrapher 
states : 

“On the 27th of September, 1870, a dispatch of 566 words 
was sent from Washington to Buffalo, dropping copies at New 
York and Albany in one minute and twenty-eight seconds being 
at the rate of 386 words per minute in a circuit of about 750 
miles.” 

On June 5th, 1872, Craig states in a letter to the Telegrapher 
“between August and November, 1870, we telegraphed by our 
automatic system over our single wire between Washington and 
New York more than 60,000 words per hour, and recorded the 
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same accurately in clear black telegraph characters,” also that he 
had perfected perforating machines and type writers, also a less 
rapid perforator which can be worked at sight by a child and is 
capable of perforating 30 words a minute, to be used by business 
men in way offices on side lines, and under date December 23d, 
1872, he wrote to the editor of the Telegrapher claiming that all 
Craig’s prophesies were met, and that he had a perforator by 
which one operator could do over 100 words per minute, also that 
he could transmit and record over one wire over 300 miles long 
and by the aid of two girls 1,500 words per minute in good or 
bad weather and could transmit more matter over a single wire 
and by the aid of two girls than the Western Union Telegraph. 
Company could transmit over 60 of its Morse wires with the 
aid of 120 high salaried operators. 

This was asserted over 18 years ago, and yet the Morse operat¬ 
ors flourish^ and.are to-day working by Morse system the very 
wires that figured so seriously from that time to the present in. 
quixotic automatics. 

In December, 1873, it was stated that the President’s message 
of about 12,000 words had been punched and was transmitted 
from Washington to New York in about 20 minutes in the pres¬ 
ence of notable government officials. 

Taking Craig’s lowest speed of 500 words per minute, between 
Washington and New York, it is easily figured that his system 
could transmit 5,000 messages of 30 words each in 8 hours, while 
the best the Western Union Telegraph Company was doing upon 
its entire system, embracing 137,199 miles of wire was 40,000 30- 
word messages per day of 24 hours. 

This Craig and Little system expired from natural causes in 
the arms of the Atlantic and Pacific Telegraph Company in 
1875. Craig in 1879 organized another machine telegraph sys¬ 
tem and started the American Rapid Telegraph Company which 
put about two million dollars cash in a very extensive plant with 
compound copper coated wires between New York, and Boston 
Philadelphia, Baltimore, Washington, Pittsburg, Albany, Buffalo’ 
Cleveland and intermediate places. The very best mechanicians 
and telegraph electricians were employed, and between New 
York and Boston 500 words per minute could be transmitted 
and recorded with perfect legibility. The new system was in a 
high state of efficiency, its operators and clerks were highly 
skilled. Anderson keyboard perforators were used, and ail 
copies were made upon typewriting machines. In a test for 
eight days April 5th to April 15th inclusive, 1884, 3131 ordin¬ 
ary telegrams were transmitted between New York and Boston 
occupying 30 hours and 46 minutes, or at the rate of 104 30-word 
messages per hour or 52 words per minute. 

The American Rapid Telegraph Co. was cocksure of effecting 
the revolution in telegraphy predicted by Craig, and with great 
confidence had reduced the rate to 15 cents for twenty words. 



1897. J 


DISCUSSION IN NEW YORK. 


130 


addresses and signatures free, but it was soon found that the 
telegraphing public would not patronize the automatic system on 
account of its slowness in delivering messages, and Morse sound¬ 
ers were necessary to secure any business from a public only too 
anxious to favor competition. *The “Rapid” system involved its 
promoters in financial disaster, and was entirely abandoned in 
July, 1884, as I know personally for the foregoing reasons, and 
not from its inability to record the electric signals fast enough, 
as it would record legibly 1,000 words per minute between New 
York and Boston. • 

The Postal Telegraph-Cable Company started the Leggo au¬ 
tomatic system in 1881 upon two electro-copper-deposited steel 
wires New York to St. Louis via Chicago, two New York to 
Washington, two Buffalo to Pittsburg, including all the heavy 
commercial cities of this country. These wires had a resistance of 
ohms per mile and were isolated from all other wires. These 
wires have never been equaled the world over. Rates were re¬ 
duced, as it was a foregone conclusion with the promoters, that 
an automatic system that would carry over 1000 words and record 
them in a thoroughly reliable manner, between New York and 
Chicago, (which the Leggo system did) and which needed no 
complicated perforating machines, would not only attract all the 
Western Union traffic between these points but would also to a 
large extent empty the mail bags. After the stocks and bonds 
had been floated and hundreds of thousands of dollars expended 
for machinery, it was found that sufficient business could not be 
secured unless it was transmitted by the Morse system, and at the 
low rates established, it would be done at a great loss with such 
a limited number of wires, so another expensive bubble, includ¬ 
ing the company, burst. 

In 1883 the Western Union Company introduced the Wheat¬ 
stone system from England, although perfectly well aware of the 
speed of the automatic system that had been perfected in the 
United States. It was found that the Wheatstone system could 
only be employed as an adjunct to the Morse, and but eight 
Wheatstone circuits were put in operation and to these was as¬ 
signed a class of slow r freight business. In cases where it was 
attempted to do a general business between commercial cities the 
public would withdraw its business in favor of a Morse trans- 
mission. After the lapse of fifteen years, only six Wheatstone 
circuits are being operated by the Western Union Telegraph 
Company. They are all duplexed and have a total actual regular 
working speed both ways of 1600 words per minute. Upon the 
basis of computation usually resorted to by automatic advocates 
it is easy to see that about TO such circuits in use only 10 hours 
of every week-day, will carry all the business of the Western 
Union Telegraph Company. 

In referring to the Telegraph Age of December 16th, 1894, 
we find a record of a test made Oct. 16th, 1893, of the Wheat- 
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stone upon a Western Union wire having a carrying capacity of 
400 words per minute both ways between New York and Chicago 
(972 miles) between 9 a. m. and 5.30 p. m. a total of 5563 regular 
messages were transmitted at the rate of 654-J per hour or 327 
words per minute. 

It required 27 punchers, 22 copyists, 4 clerks, and two elec¬ 
trical engineers or a total of 55 persons making 13-| messages per 
hour per operator. 

The punchers at their best speed averaged 24 messages per 
hour, the copyists 30; average delay on each message in New 
York was 15 minutes, in Chicago 16 minutes. 

This test was during the World’s Fair and a highly trained 
corps of operators was keyed up to its highest pitch to obtain 
results that would astonish the foreign representatives. 

On December 21st, 1896, on a postal duplex Morse circuit be¬ 
tween New York and Pittsburg there were 341 regular messages 
containing 10,216 words received at New York in 5 hours or 68J 
messages per operator per hour, and two hundred messages con¬ 
taining 5605 words received in Pittsburg in 3 hours or 66f mes¬ 
sages per operator per hour, or a total of 135 messages per hour 
for two sending and two receiving operators or about 34 mes¬ 
sages per operator per hour as against 13-| by the above Wheat¬ 
stone test. 

Thus 19-J- Morse operators could have accomplished on two 
quadruplexed wires, and one duplexed wire, as much as the 53 
skilled persons accomplished in the before mentioned Western 
Union Wheatstone test. 

In 1891 La Lumiere Electrique published a statement that in 
the daily operation of the French government telegraphs, the 
Wheatstone averaged a' total of 200 messages per hour at the 
rate of 11 messages per operator per hour, and the Morse quad- 
ruplex 160 per hour or 20 messages per operator per hour. 

The Morse sounder system is far and away the simplest and 
most accurate of all methods of telegraph transmission, for the 
reason that the sending operator need not remove his eyes from 
the matter that is passing out at the ends of his fingers, via the 
key, to the distant station, and there is not the slightest mental 
effort necessary to secure a ready response of the key to the 
necessary dots and dashes that represent the words and fetters of 
the message ; and likewise at the distant end, the eyes of the re¬ 
ceiving. operator do not move away from the keyboard of the 
typewriter, or the page traversed by the pen, as the hands re¬ 
spond without mental effort to the sounds impressed upon the 
ear. Not so with any automatic system (excepting perhaps the 
Leggo to the extent of preparing the messages) that has ever 
been proposed. The eyes must constantly be in rapid motion 
between the copy being prepared for transmission, and the ma¬ 
chine that punches or prepares it, and in this case the eyes are 
very apt in returning to the matter, to fall upon the wrong letter, 
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word, or line, or get confused and blurred from an infinite num¬ 
ber of excursions hourly, and thus errors unconsciously creep in, 
besides a slowing down of the human action. The same is true 
in a more marked degree as to the copying from the automatic 
record. The eyes of the copyist have to fly back and forward 
between the keyboard of the typewriter and the record upon the 
tape and are subject to the same liability of aberration as in the 
preparation. 

In a public address by M. J. Banneux, Chief Engineer of the 
Belgian postal telegraphs, he said that the Cook and Wheatstone 
needles that were first introduced in Belgium had been sup¬ 
planted by the Morse system which was destined to progressively 
dethrone every other, as it was the acme of simplicity. 

In my opinion the grade of skill necessary to successfully 
operate an automatic system is as high, if not higher than the 
skill required for the same class of business by Morse, the wear 
and tear per message upon the automatic operator being greater. 
The floor space necessary in an operating room to accomodate an 
automatic system would require to be quite double that for Morse 
of equal capacity to handle the traffic expeditiously before and 
after transmission, a very serious matter in large cities. 

The automatic system involves the consumption of large 
qualities of very expensive and special paper for both preparing 
and recording, not required by the Morse, and the first cost of 
maintenance and management of automatic machinery for all 
known or proposed systems is much greater than for Morse. 

The difficulty of securing prompt explanation or corrections 
‘between automatic stations has been a most serious drawback. 

The Wheatstone electro-magnetic recorder survives all the 
faster chemical systems, because it preserves a permanent ink 
record, and possesses a greater working margin upon the wires 
under existing conditions, and is capable of being worked 
duplex. 

There will be large loss of wages through the idleness of em¬ 
ployes during an interruption to the wires from storms or other 
causes upon an automatic system normally worked to full 
capacity. 

Mr. Craig, in his pamphlet on machine telegraphy August, 
18S8, among other things that he had dressed up in his most 
attractive style to allure capitalists or the government to buy his 
system, advocated the use of his keyboard perforators, by patrons 
of the new system, to prepare their own messages, and send 
them to the general telegraph office, where they would be trans¬ 
mitted at the rate of from 500 to 2,000 words per minute, and 
if their correspondents’ clerks or typewriters at the distant city 
can translate the telegraphic characters, the slips would be directly 
delivered to such correspondents and the cost would be but little 
more than the government would charge for a specially deliv¬ 
ered letter. 
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This is the most attractive feature that so far as has been 
urged by the advocates of automatic telegraphy, and it has ap¬ 
pealed powerfully to both the n on-technical public and to those 
paternal members of the government and congress who seem to 
think that the public greatly needs to have its letters carried by 
telegraph, and that a machine that will shoot 3,000 words per 
minute will accomplish the object at nearly postage rates. Here 
we are compelled to depart from the results of experience, to 
probabilities founded upon experience. 

A large merchant in attempting to carry out Craig’s plan 
would need a combined perforating machine and typewriter so 
that the letter-message being copied from the stenographer’s 
notes for telegrapic transmission would be simultaneously pre¬ 
pared on the automatic slip and copied by the typewriter for the 
files, and also for the patron to see what he was sending away. 
Every error of the clerk in copying from the stenographer’s 
notes or in striking wrong keys, would necessitate cutting and 
patching the automatic tape or leaving it with a jumbled up mess 
of errors and corrections to go over the wire. * The clerk must 
be as highly trained as Wheatstone punchers with years of daily 
training in order to copy 720 words per hour on an average of 
messages averaging 30 words each, and at this rate the shorthand 
characters must be as readable as the writing in ordinary 
messages. J 

The prepared tapes must be upon reels ready for the trans¬ 
mitter, and sent to the central station by letter carrier or messen¬ 
ger, and it.is not likely that important messages would merely 
be thrown in the reel receptacle at such station with thousands 
of reels from various firms. Each reel must have an address 
upon it so the central station could tell where to send the mes¬ 
sage, and only messages for one place could go on one reel. 

The distant central station must have clerks to decipher the 
addresses of every message upon the tapes and place those for 
each person or firm on a separate reel properly addressed. These 
reels are delivered to the proper parties by letter carrier, and 
clerks are set to work to translate the- characters into English 
upon the typewriter which can be done at an average of 900 
words per hour by a clerk equally as skilled as a first class 
Vv heatstone copyist trained by years of practice, provided the 
characters on the tapes were as easily deciphered as those em¬ 
ployed on Wheatstone. If patrons desired to maintain secrecy 
by the use of a cipher code if would slow down the work many 
times, as any practical mind will readily understand. 

The machines used to prepare and record the messages in the 
sender’s office would be very complicated and costly, not less if 
made in large lots than $150 to $200 each, and a patron doing a 
large business would need several of them, together with high 
priced clerks to operate them, and in his correspondent’s office 
at the receiving end one clerk would be required for every 900 
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,v ords per hour to translate and copy the morning telegraphic 
i-iail, to say nothing of the desultory reels that would arrive 
i uring the day. 

In the event of an interruption to the wires during the nio-ht, 
lie messages would encroach upon the day service and cause 
?reat confusion. Of course when long letters were transmitted, 
lie above rates of preparing and copying could perhaps be 
loubled in the case of highly trained clerks, but taking the thick 
^ith the thin, the figures given I am convinced would be found 
11 actual practice to be too high, just as no telegraph company 

present realizes a daily average transmission of 98 30-word 

nessages per hour per sending operator upon the busiest 
circuits. 

It is obvious that the central stations could not keep a lot of 
die clerks and machines to come to the rescue of the patrons to 
ate care of irregular matter or to fill in the absence of their sick 

tardy clerks. 

Increasing the means of quickening and cheapening the trans- 
aission of messages is not followed by a general and propor- 
ional increase in their number. This is the experience of all 
ountries including England where the governments have as- 
nmed to do the business at low rates. Any large increase to the 
lumber of messages transmitted under the stimulation of lower 
ates has been found to pertain to the regular class of commer- 
ial institutions and firms of the country and the newspapers 
bat do the great bulk of telegraphing. 

It is very uncertain to what extent the public would withdraw 
o mmunications from the mail and transmit them by telegraph. 

do not believe the amount would be very considerable, even if 
be telegraph processes were such as to admit of extremely low 
plls, as letters are absolutely confidential and are largely in such 
bape for account and record purposes that no electrical trans- 
lission and reproduction is possible. 

To sum up I think it has been shown that there is a traffic 
mit to the availibility of an automatic. system of about 163 
’-ords per minute for ordinary telegrams in one direction; that 
; "will cost over twice as much to prepare a given number of 
rdinary telegrams for automatic transmission as it will to send 
lem by Morse, and it will cost over twice as much to record 
nem on the typewriter by automatic than by IVforse, provided 
le operators are paid according to their respective grade of 
£3.11. ° 

Inasmuch as commercial exchanges and large business concerns 
isist on quick delivery during the business hours of the day the 
se of any automatic system for such traffic has been absolutely 
at of the question! The public demands for prompt transmission 
as compelled a constant increase of Morse wires worked either 
n.gle, duplex or quadruplex, which during the night afford more 
irrymg capacity by Morse method than it is possible to get 
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business to till at remunerative rates. The cost of managers,, 
chief operators, operators and clerks is about 44 per cent, of the 
total expense of transacting a general telegraph business, under 
the most economical management. So that if it were possible to 
prepare, transmit by automatic system and copy for delivery 
during the night, large batches of mailable matter at a price that 
would about pay for such preparation and delivery, the tolls for 
the commercial day work would have to be high enough to bear 
the entire 56 per cent, general expense of the whole telegraph 
system besides depreciation and interest on investment. 

Dr. A. E. Kennelly: —The question of rapid telegraphy has 
two aspects, the engineering and the commercial. I suppose that 
we may assume as a purely engineering problem, that any de¬ 
sired speed over a thousand mile circuit can be attained up 
to 2,000 words per minute, provided that expense is no object. 
That is twice as high as the speed which Mr. Jones tells us has 
actually been reached between New York and Chicago. The 
paper before us suggests a particular means of carrying out a 
speed such as this, viz., a method based upon the use of an auto¬ 
matic current transmitter, with special tape and contact devices, 
and also upon the use of a special form of receiver. I do not 
think that the particular kind of transmitter and receiver sug¬ 
gested in the paper is of any consequence to the general problem. 
In the first place, it is not necessary, so far as 1 can see, to em¬ 
ploy an alternating-current transmitter. That is only one form 
out of a number of forms that have been devised. It is not neces¬ 
sary to employ a photographic device of the type described, be¬ 
cause that is a difficult instrument to handle and it must evi¬ 


dently require considerable skill. Moreover, I should suppose it 
would place a large amount of inductance in the receiving instru¬ 
ment. In such work as I have done on apparatus employing 
polarized light, I have generally found that a large amount of 
magnetic force was required, a great number of ampere-turns, 
and that suggests a high inductance at the very worst place 
in a high-speed circuit to receive it, namely, at the receiving ter¬ 
minal. Still it is interesting to see that the authors have been 
able to secure records of very high speeds, and as an experi¬ 
mental investigation it is, no doubt, a very interesting matter, 
though as regards actual practical telegraphy I should think that 
some modification of the Bain instrument would be very much 
simpler to construct, operate and introduce. 

The commercial question is, of course, the one which controls 
in this matter. If you have a very high rate per word you will, 
of course, have a very small number of messages. If your rate 
is, say, a cent per word, then it is a matter of general experience, 
that if you make the rate just one-half a cent per word, you will 
not get, at the outset at least, double the traffic, no matter what 
it has cost you to improve the system to accomodate the increase 
of traffic. That has been true in cable and in land telegraphy. 
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I do not say that you will not ultimately get the increased traffic 
—I think you will—but in the meantime, while the experiment 
is being performed, you have to face a loss of income. At the 
present rates of telegraphy only important communications can 
be commercially sent. We do not send letters that way because 
it would be too expensive. I do not think there would be any 
doubt, if we got in the habit of writing our letters by telegraph, 
that the telegraph people would eventually find means to handle 
the traffic which would result. I do not believe that they 
would continue to do so, in that event, by merely reduplicating 
Morse circuits. I do not doubt that when they had to handle 
many times the traffic that they have now they would continue 
to handle it by other means than by the ordinary Morse system. 
A time would come w\hen the reduplication of Morse circuits and 
operators would be so great that they would find it to their ad¬ 
vantage to introduce an automatic system. Just when that time 
will come, of course, I cannot say. It has been the experience 
hitherto that when the traffic exceeds a certain rate, the Morse 
system has been unable to deal with the traffic, and an automatic 
system has been adopted. The automatic system used has been 
the Wheatstone system. If the traffic were again increased in 
corresponding ratio, however, even the Wheatstone would be un¬ 
able, no doubt, to meet the demand, and a still more rapid system 
would be called into existence. But I still believe that if the 
necessity existed, that if we were accustomed to send our mail 
through the wires, the telegraphic system would readjust itself 
so as to handle the business. Commercially, the telegraph system 
might at first be placed at a considerable loss, because the public 
would have to do their own punching and translation, and this 
education of the public is a slow and'expensive process. Whether 
we shall see it in the future is a matter which only the future 
can tell. It is a grand possibility that we could send our letters to 
a telegraph office and get them sent over the wires instead of 
waiting for the locomotive to carry them. It is only a question 
of time and commercial necessity when it shall become accomp¬ 
lished. 

Mk. P. B. Delany : It is always interesting to a telegrapher 
to hear from Mr. Jones, especially in a historical way. His 
resume of the telegraph is always very entertaining. I presume 
from his standpoint of a Morse telegrapher that ^he aims to be 
perfectly just and fair. Before referring to the paper which is. 
up for discussion I would like to review in a very brief way- 
some of the statements advanced by Mr. Jones regarding the* 
telegraph both from a practical and a commercial standpoint.. 
He goes back to 1857 and the 60’s, and quotes the Bain system 
in its state of development at that period as an evidence that there 
is no necessity at the present time for machine telegraphy. 
Everybody who has studied the subject must know that at the 
beginning of Bain’s experiments the chemical paper which he 
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used for recording was evanescent, and would fade out in a few 
moments, that his perforating machine and all his apparatus was 
very crude and that in almost every respect his plan was practi¬ 
cal ly inoperative. 

To prove that good automatics have no more show than poor 
ones, Mr. Jones then goes to the Wheatstone system and does it 
certainly full justice in regard to its merits of speed. I have 
watched the Wheatstone system in England personally for a 
long time, and, while the speed Mr. Jones refers to may be ob¬ 
tained on special occasions and under special conditions, I am 
prepared to state that in its practical operation it falls at least 
fifty per cent, below the speed he has ascribed to it. As to the 
accuracy of the Wheatstone system or of automatic telegraphy 
in general he rather impugns it, and says that it is not as correct 
and reliable as sound reading. I would remind Mr. Jones that 
where speed is not the main consideration, as, for instance, in 
cable telegraphy, the Wheatstone system is used and preferred 
on account of its accuracy. There is no class of telegraphy that 
requires the same degree of accuracy, or makes a "greater de¬ 
mand upon reliable and capable operators, owing to the fact that 
the messages are composed almost exclusively of code words or 
of cipher, having no text to guide the operator, the alphabet 
being as it were, thrown together promiscuously like pied type. 
In every instance, with the exception of three cables crossing” the 
Atlantic, out of the eleven that are in operation, the Wheatstone 
•system or some system similar to it, with slight modification, is 
used, and yet with the exception of one or two cables, operators 
are able to transmit as fast by hand as the cables will take it, but 
nevertheless the Wheatstone system is used because of its uni¬ 
formity in signaling to which l'ligher speed is incidental. Even 
the business transmitted from London to the cable stations is 
sent by the Wheatstone system. And as regards the difficulties 
of translation from the tape, compared to the ease with which 
translation is made from a sounder to which Mr. Jones refers, 
the leading cable company, the Anglo-American, punches the 
messages from the received Wheatstone tape at Valencia with¬ 
out any intermediate translation by typewriter or manuscript. 
Having spent several weeks at the latter station conducting some 
experiments I had ample opportunity to study the operations 
of this system under most trying circumstances, and was in¬ 
formed by the operators that they would much prefer to com¬ 
pose messages on the tape or re-transmit by hand into the cable 
from a Wheatstone tape, than from the manuscript of their 
brother operators. 

Now as. regards the post office business in England, and the 
deficit which Mr. Jones says accumulates from year to year, it is 
well understood in England at least that the post office and tele¬ 
graph departments do not agree in regard to the manner in which 
the accounts of the two departments are kept. But assuming 
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that the post office department did justice to the telegraph 
department, Mr. Jones neglected to state that there is a large 
volume of railway business—I will not state what proportion it 
bears to the whole—but I might venture to state that it repre¬ 
sents at least five or six per cent, in value which goes free. And 
furthermore that the charge of one shilling for 75 words during 
the day, and 100 words for a shilling at night and twopence for drop 
press messages, is only made possible by the use of the Wheat¬ 
stone system, and, if the rate charged for press work in England 
approximated the charge in America, together with the free 
railway business, if it was charged for, the British telegraph 
whold be self-sustaining if not profitable. 

Mr. Jones next comes to automatic telegraphy in America. I 
was connected with the experiment between Washington and 
New York that he refers to, and 500 words a minute were trans¬ 
mitted. We thought at that time and we were justified, con¬ 
sidering the state of the art, that the signals were very good, 
especially in face of the fact that the then electrician of the 
Western Union Telegraph Company staked his reputation on 
the statement that it was impossible to send more than 60 words 
a minute over, I think, 100 miles of line. Mr. Jones with his 
experience certainly understands that improvements or innova¬ 
tions, as you might call them, have never been welcomed by the 
controlling telegraph company, that the duplex had a "long 
battle before it was adopted by the Western Union Telegraph 
Company, and its inventor had to create an opposition telegraph 
line for the purpose of forcing it upon their notice; that the 
quadruplex system of which he speaks so favorably, even after 
the Western Union took it over, was held in abeyance for weeks 
until the managers of the company told the operators that unless 
they worked the system they would get others who would, that 
is, in other words, if they did not make it work and lay aside their 
prejudices they would be dismissed. That is the history of the 
quadruplex system, and yet according to a statement of the presi¬ 
dent of the Western Union Telegraph Company, five or six years 
ago, if the artificial circuits created by the quadruplex system had 
to be reproduced in the actual wires, or the facilities that they 
afforded had to be duplicated, it would cost the company eleven 
or twelve million dollars. 

Coming back to the automatic system of the original automatic 
company in this country, Mr. Jones says it lived its natural course 
and then died. I know what became of that company. A tele¬ 
graph magnate of the time paid one man connected with it who 
had a basis or foundation patent in his own name, and unassigned 
to the company $120,000 for it, after having agreed to pay the 
automatic company about $3,000,000 for the system, which he 
failed to do, and that same system was turned over to the At¬ 
lantic and Pacific Telegraph Company, or the Western Union 
Telegraph Company eventually, for between three and four mil- 
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lions of dollars. Not sucli a bad investment for a system that 
was not good. I am quite familiar with all of Mr. Craig’s state¬ 
ments and claims for automatic telegraphy,and I think Mr. Jones 
will agree with me that no telegrapher in this country or any 
other ever accepted Mr. Craig, from whom he quotes so copiously, 
as a technical authority in telegraphic matters, nor did Mr. Craig 
claim it. The American Rapid Telegraph Company, which was 
the last automatic company in operation in this country, did an 
enormous business, which, if not profitable, was at least self- 
sustaining, which was a great deal in view of its limited ramifica¬ 
tion at the time, h was taken up by a Morse company, and, 
through stock manipulation in Wall street, swamped, its stock 
having dropped from $115 one day to $2 per share the next day. 

Mr. Jones next refers to the use of the Wheatstone system in 
this country, and cites some speeds between here and Chicago, 
which are certainly very creditable to the system, and he puts 
against that work, speeds reached by the Morse system between 
here and Pittsburg. The Wheatsone system employs automatic 
repeaters between New York and Chicago, while Pittsburg by 
the Morse system is reached direct. The Morse operators for 
this demonstration were undoubtedly the most expert to be found 
in America, while it is a noted fact that the Wheatstone system 
in this country has, through the policy of the company using it, 
been largely handicapped by inefficient and ill-paid labor. It 
would have been fairer if Mr. Jones had given notice of a race 
and not chosen his own time and conditions. 

In regard to automatic telegraphy in general, I admit that the 
present companies have all the facilities necessary to carry all the 
business they can get at the present rate witli their slow hand 
methods of operation, but it does not follow from this that the 
lowering of the rate, so that four or five times the number of 
words could be sent for about one-half the price would not in¬ 
crease the business so as to render necessary an automatic system 
of telegraphy and yield very profitable returns. 

I will not take the time of the meeting to go into an analysis 
of Mr. Jones’s calculation regarding the difference in labor and 
ttie number of people employed in the two systems relatively. 
That I will do at some later day ; but I will make this statement, 
and I think it can be substantiated : That an operator preparing 
a message on a tape perforator without any interruption from 
line or other causes, the operation being purely local, will main¬ 
tain a speed averaging as high as the Morse operator will average 
sending by hand, and that an ordinary wire from New York to 
Philadelphia will deliver a perfect * record of 3,000 words a 
minute, and that a one-ohm-per-mile line will deliver a perfect 
record of 1,000 words a minute between New York and 
Chicago, and that when these messages are received, type-writer 
operators will translate from the tape bearing these machine- 
made characters, unchanging in their characteristics, with 
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greater accuracy and speed than from their own notes, or about 
as readily as from print, and everybody knows that an ordinary 
typewriter operator will easily translate 35 to 40 words per min¬ 
ute. How, in the case of the Morse receiver, using the type¬ 
writer he cannot translate from sound any faster than the Morse 
operator will send, and Mr. Jones I am sure will not say that any 
Morse operator can keep up a speed of 35 to 40 words a minute 
on a average all day. I consider that a typewriter translating 
from a tape of distinctly recorded characters is equal to two Morse 
receivers, and that in the operation of the automatic system one 
employe out of three is saved, from an economical standpoint. 
The introduction of perforators into business houses doing a 
large amount of business for the preparation of their own 
messages, and the translation of their messages at the dis¬ 
tant end of the line is but a small feature of what is prac¬ 
ticable in connection with machine telegraphy. It does not 
imply that the bulk of the business will be done in this way. 
The aim of an auto malic telegraph company for carrying a 
large number of messages at a low rate is simply to take the 
place of the mail train. Messages may be sent to the central 
office in the city either by the post office or by special messenger. 
They are to be transmitted at a high rate of speed, and dropped 
into the post office at the distant station, typewritten, putin envel¬ 
opes and stamped just as if they had come by mail. I cannot see 
from a commercial standpoint where the hardship is in being 
compelled to supply perforators and translators at the ends of a 
wire necessary to handle all the business the wire will carry. I 
should be very glad if I was in the business commercially to be 
able to make one wire keep 500 perforators and translators busy. 
It obviates great expense in the construction of the original 
plant, in the number of wires that you have to construct; in the 
size of the poles necessary to carry them ; the difficulties of tree 
trimming, and so on. And, more than all, the entailed cost of 
maintenance, which amounts, I think, to about $4.00 per year 
per mile per wire, according to the best information on the sub¬ 
ject, and when you consider that one wire worked at an auto¬ 
matic high speed is equal to 20 wire quadruplex, and 40 duplex 
and SO to 100 simplex for long or short distances, it seems to me 
there is room for great economy, and, consequently room for a 
very low rate of transmission, so as to take from the mails a vast 
amount of business that now goes by the mail train. And yet 
the chief objection of the Morse men is that one wire can be 
made to keep so many operators going. 

Mr. Jones makes a point of the delay. He says that in Chicago 
there is onjm average a delay of 16 minutes and at New York a 
delay of 15 minutes by the Wheatsone system, making 31 min¬ 
utes delay in the transmission of a telegram from Hew York to 
Chicago. How, we have all had experience in telegraphy to the 
extent of paying for messages and having them sent and deliv- 
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ered. I venture to say that the average time of telegrams in this 
country, leaving out the business done between stock and other 
commercial exchanges, will average more than an hour. The 
telegraph companies in this country are very careful not to put 
on the message that you receive, the time at which it was filed 
at the point from which it started. They give you very plainly 
the time at which it was received at the office down the street. 
That is simply a tab on the messenger to see whether he stopped 
to play marbles on the way. But if you receive a telegram at 
six o’clock this evening from Philadelphia, there is nothing to 
show you that it was not filed there at nine-o’clock in the 
morning. If we take Mr. Jones’s statement, messages are only 
a few minutes on the way, but every telegraph operator knows 
that messages accumulate and hang on the hooks for hours at a 
time, especially in the case of interruption to some of the wires, 
and that the traffic chief goes around and sorts them over per¬ 
haps a dozen times, picking out the more important ones to get 
them off first, so that if a man telegraphs his wife that he will 
be home to dinner at six o’clock they endeavor to get that mes¬ 
sage to his house a little before he arrives, while the wife of the 
man who says he won’t be home till morning, sits up half the night 
waiting. 

Now, if I may be permitted a few words in regard to the paper 
before the meeting. Prof. Crehore and Lieut. Squier advance 
the theory that much is to be gained from the use of the alter¬ 
nating current in telegraphy, and naturally enough I presume 
most people are inclined to accept that proposition. But, re¬ 
ferring to the description, it seems to me that the object sought 
is not gained in the plan proposed, for the simple reason that 
if a half-wave, we will say, at any period, but taking it on the 
basis of 140 whole waves to the second, is eliminated for a 
dot, or for a space, two half-waves for a dash, and three half¬ 
waves for spaces between words, and so on, I am unable to 
see how by the elimination of half-a-wave or three half-waves 
you get the benefit of the alternation, because the next impulse 
that goes into the line is of the same polarity as the one pre¬ 
ceding, and the line with its static capacity remains charged, 
especially at the receiving end. It may be said that there is a 
drop in the potential to the zero point which possibly allows the 
line to clear itself to a certain extent, but I think no one will 
claim that the effect of that is of paramount consequence com¬ 
pared to the amount of current remaining in the distant end of 
line while this half-wave is being eliminated. Furthermore, un¬ 
less absolute synchronism is maintained between the movement 
of the tape on the wheel under the transmitting brushes and the 
alternations of the current, the signals will be clipped or false 
signals sent, which would not be the case with a constant current. 
It may appear to be a very easy matter to some, to subject a tape 
to the preliminary operation of making a uniform row of guide 
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holes so that it may be pulled through a punching machine after¬ 
wards, which, by the operation of a star wheel fitting into 
these guide holes, will feed it absolutely correct for the com¬ 
posing of the dots and dashes on the tape by another operation. 
This does not appear to be a simple matter to me, and I have 
had some experience in that line; but assuming that it was easy 
to do, when this message is put on the wheel for transmission 
there must be some slack or else considerable tension on the strip 
to hold it in place, and the star wheel pulling the tape over the 
circuit wheel where the transmitting brushes rest, surely will have 
a tendency to pull it and spread the guide holes especially if the 
friction of the transmitting brushes is of any considerable amount, 
and if the friction is not sufficient to hold the tape it would be, 
I think, mechanically impossible to pull that tape at a high rate 
of speed so that the dots and dashes would conform accurately 
to the reversals of the current. Then there is the other very 
important consideration of the wheel becoming coated with dirt 
and not making a good contact. There is the difficulty also of 
making dashes with a perforator; such a machine would be alto¬ 
gether a very intricate affair. Thus far all efforts have failed to 
make a perforator of this kind, that would do its work accurately 
and reliably. The same objection of lack of true alternation of 
current applies in regard to the use of condensers, which I believe 
the paper states might be introduced in series in the line. The 
condensers would not be uniformly discharged. 

Perhaps I do not understand the operation of the receiver 
proposed or contemplated in the paper. I presume that two pens 
must rest on top of the chemical paper, one connected to the line 
and one to the earth, and, as the currents are normally alternat¬ 
ing, it must be that in the case of a dash, for instance, one por¬ 
tion of the dash will be formed on one line and the other portion 
on the other. As it takes a complete wave of the current, and 
as the record will be made in the negative, I think that such a 
record would be very difficult to translate. Furthermore, the 
tape would have to be placed on the transmitter, while the trans¬ 
mitter was at rest, and it would have to be fixed so that if there 
was to be any uniform relation between the signals as regards 
the character of the current that was to begin the message, it 
would have to be fixed very accurately on the star wheel that 
was going to pull it. Even then I am unable to see how signals 
could be depended upon for alignment. Take the letter w for 
instance. The dot of the letter would be on the top line, the 
half of the dash would be on the lower line, and the balance 
of the first dash would be on the top line again, and then another 

complete wave for the other dash would cause similar changes in 
position. ° 

In regard to the speed claimed in the paper, I have no doubt 
that the computation, was the result of inexperience, when it states 
that the word “ten” may be transmitted 1,200 times in a minute. 
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The word “ten” is composed of four signals. A dash for the f, 
a dot for the e, and a dash and dot for the ??.. These four signals 
might be sent by the most economical use of perforations such as 
is used in another system with four impulses. The average 
number of impulses to a letter is about three. If you count the 
spaces between the letters, or between the component parts of a 
letter, it gives considerably more, and the average number of 
letters to the word in the English language is about five. So 
that the word “ten” comes to very little more than the impulses 
comprised in one letter ; or, making all allowances, it seems to me 
that the speed reached or supposed to be possible in this arrange¬ 
ment would amount to about 300 words a minute instead of 
l, fc 200. According to the continental code there are in the alphabet 
41 dots and 38 dashes. The paper proposes to allow the length 
of two dots for a dash. In the Wheatstone and other systems 
three lengths are allowed and I think practice will show that it 
is not too much. Now on that basis this system, compared with 
the strip using a single dot for a complete dash, as well as for a 
dot, or where all the signals are dots, it seems to me that the 
number of impulses required for the same amount of transmission 
would by this system be almost double. 

Regarding the duplex and diplex extensions of this system, I 
am unable to grasp the solution advanced in the paper. X can 
understand that predetermined subdivisions of the circuit wheel 
might give off on electro-magnetic instruments of some kind 
operated synchronously different messages, but I do not see how 
it would be possible to have the division of this wheel predeter¬ 
mined by messages of undetermined arrangement of dots and 
dashes, and any of the currents used for lesser speeds must be of 
necessity, as I understand it—unless they are superposed, and I 
do not suppose that was intended here—be taken from the higher 
rate of speed, and the maximum rate of speed must be deter¬ 
iorated in a corresponding degree. I cannot see how two mes¬ 
sages can be simultaneously received on a chemical system, for 
the simple reason that all the impulses will manifest themselves 
on all the tapes of the receivers. (Applause.) 

Lieut. Squier : — I will only take a moment, as the hour is so 
late. It has been a pleasure to us who are inexperienced in busi¬ 
ness methods to hear what Mr. Jones has said this evening. The 
experience gained in actual practice is of course very much to be 
valued, and lie seems to have succeeded in showing, I think, that 
from the beginning there was a desire to increase the capacity of 
lines; in other words, that the telegraph companies found that 
men at the ends of the lines were less expensive than wires. And 
I judge from the arguments that have been put forth that we 
have now about reached a point at which we have gotten all the 
speed that is desirable, and all the business can now be handled 
in the present way, and that, so far as we can draw from the data 
he gives, we have practically reached a limit in telegraphy. Mr. 
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Jones says that the telegraph companies can handle all the busi¬ 
ness now offered to them. This is probably true of the particular 
kind of business that the telegraph companies are now handling; 
but that is not the kind of -business we were particularly con¬ 
sidering in this paper. Undoubtedly Mr. A. will continue for 
some time to come to send his ten words to Mr. B. as at present, 
and the existing companies will continue to handle that kind of 
business. The business we were speaking of was more particu¬ 
larly telegraph letter writing—less urgent matter perhaps, but still, 
more so than ordinary letters—and this larger volume of business 
we think can only be handled by some form of automatic trans¬ 
mission. We know that plenty of people pay ten cents for 
a special delivery stamp so as to gain an hour perhaps. in 
the delivery of a letter at its destination. Now that is just 
the kind of business that we are talking about—not the long 
letter of friendship or the ten word message, but the business 
letter which we desire to reach our correspondent in Chicago, 
for instance, not in fifteen minutes, but wfithin two or three 
hours. That is the kind of business—the new business, that we 
were talking about. Therefore, the arguments that have been 
presented do not seem to me to hold, because the speakers have 
been talking about a kind of business that we do not propose to 
handle at the outset. 

I am sorry that Dr. Kennelly should have gotten the idea that 
we require the use of a polarized receiver. We used it in our 
experiments because it was found convenient to investigate the 
properties of rapidly varying currents, and we did not propose 
it in a practical telegraph receiver at present, and so state in 
the paper. Dr. Kennelly also suggests that wlien the demand 
for such business arises, the telegraph companies will be able 
to handle it. The way to create that demand is to put down 
the rates so that business people can telegraph that kind of busi¬ 
ness. If the rates are kept as they are now, probably that demand 
will not arise, but I think if the rates were half what they are or 
even less than they are, the demand would be enough. So that 
it seems that the fact is that the people must be educated up to 
the service they are entitled to, and then the companies will be 
obliged to take care of the business as soon as the demand comes. 
The better way to do is to put the price down. 

There has been very little discussion of the engineering side 
of the paper which we had hoped for, and there seems to be no 
question about the transmission of an adequate number of 
waves. We have several examples of this already accomplished 
in the Anderson and other systems, so that there is no question 
about the practicability, but we believe this particular system has 
elasticity and development not possessed by the others, and we 
are in hopes that this point will be more fully brought out as an 
engineering feature aside from its commercial side. 

In regard to transmission of waves, it might be said that the 
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long distance telephone line which is now in practical operation 
is about as good an example of the transmission of waves as could 
be wished, and beside which the system we propose is of course 
Ve 7oi™^ e ‘ When we can distinguish the voice between here 
and Chicago, this is an example of wave transmission which is 
much more complex than anything we have proposed. 

In regard to diplexing the line and so on, which Mr. Delany 
says he does not understand, I think the paper when examined 
carefully, clearly shows how the punching should be done. Our 
experiments were actually carried out, and the diplexing and so 
on have actually been done. I might mention something that 
has only developed in the last few days. We never until a day 
or two ago used the cutting out process at definite intervals on 
currents of considerable volume, but we have just made some 
further experiments, in this direction and found that there is 
no trouble at all. In fact, on this circuit we used an alternat¬ 
ing arc, and found it very convenient as a receiver, and I 
a recor d here of messages sent through an alternating arc 
at the rate of 280 alternations per second. The arc appeafs all 
light; nothing is happening to it, so far as the eye can see. Of 
course the alternations are so rapid that the eye would not notice 
iem. I have here the records, which anyone can look at and 
see how perfect they are (Exhibiting). This was an ordinary 
street arc-lamp. I merely mention this to show an additional 
leature of the matter, that you can synchronously interrupt and 
suppress integral waves in circuits carrying considerable power, 
the current being in this experiment about ten amperes. ’ 

Ok. Albert 0. Crehoke:— The commercial interest in this 
subject is undoubtedly very great, and it is impossible to refrain 
10 m some remarks bearing upon that, but where any part of 
the physical portion of it is misunderstood, I very much desire 

Tvr Ve -n i c ? rrected - 1 want to speak particularly in regard 
to Mr. Delany s not understanding the use of the half wave. 

irst, in regard to the alphabet. The one shown was only one 

late? Z ZTl TT h m\ be USecL Xt is hoped that some time 
. Slad able to give more definite information as to 

Jtern Jw f ° rm ? f machine, but the distinction between this 

to lie in H-, wa / e + a f, d , tb ? dcd made by the direct current seems 
dem-ee w • * * hat the T e j ect romotive force is not a constant 
’r fc . ls “~ng. I do not mean to go into the compli¬ 
cated physical question at all, but it seems to me that all the- 

the^tT l C °- Uld bro 1 u S ht against it were answered by 
T verJ®P e ^ ker . in :\ a y n 9 that these waves can be transmitted, 
ofThfl Z t W1Sh that Pr0f ' Pupin > wh0 bas some knowledge 
discussion ^ ° Wn expenments > would add something to this- 



AMERICAN INSTITUTE OF ELECTRICAL 

ENGINEERS. 


New York, May 18th, 1897. 

The annual business meeting of the Institute was held this 
date at 12 West 31st Street, and was called to order by President 
Duncan at 4 p. m. 

The following associate members were elected at the meeting 
of the Executive Committee in the afternoon. 


Name. 

Banks, William C. 


Address. 


Electrician, Gordon-Burnham Bat¬ 
tery Co., 82 West Broadway, New 
York City. 


Endorsers. 

Geo. T. Hanehett. 
Chas. D. Shain. 
E. Y. Baillard. 


Clement, Edward C. 


Ass’t Examiner, Electrical Division, 
U. S. Patent Office, Washington, 
D. C. 


S. D. Field. 

R. W. Pope. 

F. A. Piclcernell. 


Davidson, A. 


deKedon, Constant 


Hosmer, Sidney 


Kinsley, Carl 


Cable Engineer and Electrician, 
Central and South American Tele¬ 
graph Co., Lima, Peru. 

Consulting Engineer, 27 Thames 
St., New York City, 

Sup’t Underground Cable Dep’t, 
Boston Electric Light Co., Ames 
Bldg, Boston, Mass. 


Jos. Wetzler. 

T. C. Martin. 

R. W. Pope. 

Max Osterberg. 
Wra. Maver, Jr. 
W. A. Anthony. 

W. A. Anthony. 
W. R. C. Corson. 
I. H. Farnham. 


Teacher of Electrical Engineering, G. F. Durant. 
Washington University, St. Louis, H. H. Sykes. 
Mo. * Fred’k Bedell. 


Neilson, John 


Richey, Albert S. 


Total 8. 


Sup’t of Interior Wiring Depart- F. A. Pattison. 
ment, Larchmont Electric Co., A. J. Farnsworth. 
Larchmont, N. Y. R. W. Pope. 


Electrician, Citizens' Street Railway H. B. Smith. 

Co, 403 W. Adams Street, Mun- C. P. Matthews, 
cie, Ind. W. E. Goldsborough. 


TRANSFERRED FROM ASSOCIATE TO FULL MEMBERSHIP. 

Approved by Board of Examiners May 17th, 1897. 

Nicholson, Walter W. General Supt. Central New York Telephone and Tele¬ 
graph Co., Syracuse, N. Y. 
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Richardson, Robert E. Electrical Engineer, Pierce and Richardson, 1409 Man¬ 
hattan Bldg*, Chicago, Ill. 

Rosa, Edward B. Professor of Physics, Wesleyan University, Middletown 

Conn. 

Total 3. 

The President appointed Dr. M. I. Pupin and George A. 
Hamilton as tellers, and William J. Hammer and Charles 8. 
.Bradley as Proxy Cornmitee. 

The following reports of the Council and Treasurer were read 
and accepted. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 
Report of Council for the Year Ending April 30TH, 1897 

In accordance with the Constitution, the Council presents for the in¬ 
formation of the Institute a report of its work during the past year. 

Under the requirements of the laws of the State of New York,* under 
which the Institute was incorporated in 1896 , the presence of a majority 
of the Council is required at each meeting to form a quorum In a national 
organization, as the Institute is, the geographical distribution of the 
members of Council is such, that it is difficult to secure a quorum, ten out 
of twenty-one being residents of cities at a distance from New York where 
the lieadquarters are located. For this reason an Executive Committee of 
seven members was appointed in order to properly conduct the affairs of 
the Institute. Under this arrangement there have been held since the 
last report, ten meetings of the Executive Committee. 

The necessity of fixing upon a standard of light, was brought to the at- 
tentron of the Institute early in the year by representatives of different 
companies engaged in the electric lighting business, and also by the 
ational Electric Light Association through Dr. Louis Bell, Chairman of 
a special Committee appointed by that organization. The matter was re¬ 
ferred to the Institute Committee on Units and Standards, and its report 
recommending a standard of intensity and method of measurement was 
printed in the February 1897 issue of the Transactions. 

The amount of $ 2,300 having been received for life memberships since 
the founding of the Institute, and used in the current expenditures, it was 
decided that the Treasurer set apart each year the sum of $ 5 oo to be 
invested m a compounded membership fund. As the net income of the 

this bein * done> the required amount may be set 

tl Se ° f i th ! bll ^ neSS ° f thelNSTm '™. certain transactions have 
rougi its office, which are strictly commercial, and have here¬ 
tofore- been accounted for in the yearly report of the Secretary. In order 

Dendftures 6 th 6Se ltemS f I *° re d ' StmCtly fr ° m th<S re S' ular receipts and ex- 

Secremrv f ““ $ ? 5 ° ^ trausferred from the Treasurer to the 

buvinl aU Jir° m Y r ? a pUrposes ’ which Eludes such matters as the 
buying and selling of electrotypes, badges, certificates, etc. 

was rtnFCl the r °l ms occupied hy the Institute, at 26 Cortlandt Street, 

rccessible l r h° r an0ther r ear ' ^ qUarterS havin S proved convenient and 

for the hnlH^ T me U erS aS Wel1 as those ^siting the city, and suitable 
tor tne uolaing of committee meetings. 
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At the March meeting of the Executive Committee, it was voted to hold 
the General Meeting of the Institute at Eliot, Me., beginning on July 
26 th, 1897 . 

The special Committee appointed last year for the preparation of a new 
design for the Institute badge, has fixed upon a design, and prepared a 
model which has been referred to this annual meeting for consideration. 

The total membership at the close of last year’s report was 1035 , classified 
as follows : 


Honorary Members. 

Members. 

Associate Members. 

Total. 

Associate Members elected, May 1st, 1896, to April 30th, 1897 

Total.. . . , .... 


2 

33 * 
700 

10 35 

io 3 

1138 


Resignations have been received during the 
members as in good standing: 

CHARLES E. CHINNOCK, 
ADAMS D. CLAFLIN. 

WM. J. HISS, Jr.. 

WM. B. LESTER, 

GEO. W. STOCICLY, 
EDMUND Y. COX, 

W. D. MAC QUESTEN, 
CHAS. W. SPICER, 

S. P. DENISON, 

Total resignations. 


year, and accepted from the following 

B. P. FLINT, 

W. S. FRANKLIN, 

W. H. PEIRCE, 

ROBERT WATSON, 

S. W. ROESSLER, 

W. C. BRYANT, 

E. E. BARTLETT, 

A. S. KIMBALL, 
l. a. McCarthy. 

. IS 


There have been the following deaths during the year: 


HENRY A. CRATGIN, 
LEVI K. FULLER, 

W. T. M. MOTTRAM, 
M. B. LEONARD, 

H. L. LUFKIN. 


SAMUEL C. PECK, 
WILLIAM SHRADER, 

E. CARL BREITHAUPT 
FRANK H. DORR, 


Total deaths 

Dropped as delinquent. 

Elections cancelled. 

Elected, but not qualified. 


9 

34 

3 


t 65 


1073 


Leaving a total membership of 1073 on April 30th, 1897, (a net gain of 38', classified 
as follows: 

Honorary Members.. 

Members. 

Associate Members.. 


1073 


A list of the members elected during the year accompanies this report. 
The names have already appeared in the Transactions. 

The reports of the Secretary and of the Treasurer, show in detail the 
financial standing of the Institute at the close of the fiscal year, together 
with an itemized statement of receipts and expenses' during the year. 
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SECRETARY'S BALANCE SHEET. 

For The Fiscal Year Ending April 30, 1897. 


Dr. 


To balance from previous year.$ 20 20 By cash to Treasurer. 

Receipts for the year.... 9,933 23 

9,953 43 


Cr. 

.$9,953 43 
9,953 43 


ITEMIZED STATEMENT OF RECEIPTS AND EXPENSES OF 

THE INSTITUTE. 

For Fiscal Year Ending April 30, 1897. 

General Account. 


Receipts. 

Treasurer’s Balance from previous year $239 99 

Secretary’s “ “ “ “ 20 20 

Entrance Fees. 475 00 

Life Membership (Carl Hering). 100 00 

Past Dues. 535 23 

•Current Dues.7,844 95 

Advance Dues. 45 23 

Electrotypes Sold.-. 35 04 

Transactions Sold. 339 55 

Transactions Subscriptions. 193 40 

Advertising. 88 50 

Received for Binding Transactions.... 45 59 

“ Badges. 41 00 

11 “ Certificates. 22 00 

44 “ Congress-Book. 27 85 

Reprints VoL 4. 136 00 

Miscellaneous. 3 8g 


24 73 
7° 53 
3 39 


Total, 


$10,193 42 


Expenses. 

Re P airs .. $100 

Notary. so 

Chicago Meetings. 23 

Librar y. ix x 4 

^ ce . 23 30 

Commercial. jgg 2 g 

Laundry. 8 25 

Office Expenses. I7 7 6 

Office Fixtures. 24 73 

Express. ?Q 53 

Telegrams. 3 39 

Stenography and Typewriting. 787 10 

Stationary and Miscellaneous Printing. 530 57 

Postage. 496x8 

Messenger Service. s 5S 

Salary Account. 2,708 33 

Meeting Expenses. 215 98 

Rent of Office and Auditorium. i,too 00 

Engraving and Electrotyping. 202 60 

Publishing Transactions.2,412 29 

Paid for Badges. 66 OQ 

Paid for Certificates. g 73 

Entrance Fee Returned. 5 00 

Treasurer’s Balance to next year.1,284 °6 

Total, $10,193 4 2 


Commercial Department. 

Receipts. Expenses 

Cash from Treasurer, Nov. 23, 1896 ... $i S o 00 Purchases... * „ 

* . 37 39 Balance Cash on Hand. 162 07 

$i8 7 39 $187 39 

The outstanding current bills against the Institute, April 3 o, amounted to.. $465 ss 
Due the Institute and collectible probably. 655 ” 

Property on hand according to inventory, May 1, 1897. 

Office furniture and fittings. * 

Catalogue Type, Cases, etc. 7 . 777 * 777777777 "' [. 4 

Transactions on hand. . 25975 

Congress Books. .. 2 ’ 03 50 

Library. . 784 50 


200 00 


$4,260 23 


Of the above, there has been purchased during the year, office fittings 
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amounting; to$24.73 and type and type cases for catalogue $259.75. The 
inventory has been made at a low valuation and does not include the 
Transactions of 1896. 


TOTAL NET ASSETS. 

Building- Fund. 

T reasurer’s Balance, Mercantile Bank. 

Secretary’s Commercial Fund. 

Property as per inventory. 


$956 48 
1,284 06 
162 07 
4,260 23 


$6,662 84 


Respectfully submitted for the Council, 

RALPH W. POPE, 

Secretary. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS. 

New York, May 18th, 1897. 


TREASURER’S REPORT. 

From May i, 1896 to May i, 1S97. 

George A. Hamilton, Treasurer, in account with 

American Institute of Electrical Engineers. 


Dr. 

Balance from May, 1896. $ 239 QQ 

Received from Secretary, May x, 1896 to May 1, 1897. 9 , 953 43 


Cr. 

Payments from May 1st, 1896 to May 1, 1897, on warrants from 

Secretary, Nos. 760 to 878, inclusive. 

Balance to new account. 

Balance on hand, General Fund, May 1, 1897. 


> io , i 93 42 


1 

• $8,909 36 
. 1,284 06 

$10,193 4 2 

• 

$1,284 °6 

. $850 00 

. 106 48 

$956 48 


BUILDING FUND. 

Balance as per last report.;. 

Interest accrued to May i, 1897, 3 per cent, to May 14, 1892 

and 2 per cent, thereafter. io 5 

Cash book and warrants herewith for audit. Vouchers are in the hands 
■of the Secretary, to whom they are returned for filing after payment. 

GEORGE A- HAMILTON, 

New York, May 18th, 1897. Treasurer. 


The discussion of the paper read at the meeting of A.pril 21st 
was then taken up. [See page 130.] ' 

At the conclusion of the discussion, the report of Committee 
on a new design for the Institute badge was brought before the 
meeting, in accordance with the action of the Executive Commit- 
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tee, which had ref erred it to the annual meeting for consideration. 
After a thorough discussion of the matter the design reported by 
the Committee was adopted. [See design on cover.] 

The tellers then reported the result of the ballot for officers,, 
which was as follows : 


FOR PRESIDENT. 


F. B. Crocker. . 

A. E. Kennelly 
Thos. D. Lockwood 
E. L. Nichols. 


Jos. Wetzler. 2 

Carl Hering. 1 


Total 


.348 


D. C. Jackson. 1 

C. 0. Mailloux. 1 

H. A. Rowland... .1. 1 

H. J. Ryan. 1 

F. J. Sprague. 1 

C. P. Steinmetz. 1 


348 


Total Number of Votes Cast 

.328 

6 
3 
2 


FOR VICE-PRESIDENTS. 


Total Vote Cast 


A. E. Kennelly. 

.431 

D. C. Jackson. 

...*...418 

0. S. Bradley-1. 

.413 

O. 0. Mailloux. 

. 11 

W. D. Weaver . 

. 9 

Nikola Tesla. 

. 5 

J. W. Lieb, Jr. 

. 4 

Frederick Bedell. 

. 3 

Louis Duncan,. 

. 3 

F. A. C. Perrine. 

. 3 

F. J. Sprague . 

. 3 

Wm. Maver, Jr.... 

. 2 

H. J. Ryan . 

. 2 

II. A. Rowland. 

. 2 

C. T. Hutchinson. 

. 2 

B. J. Arnold. 

. 2 

A. S. Kimball. 

. 2 

Brown Ayres. 

• «• • • X 


Total 


1334 


C. F. Brackett. 1 

Louis Bell. 1 

A S. Brown. 1 

W. S. Barstow.. 1 

C. L. Cory . 1 

F. B. Crocker. 1 

C. R. Cross. 1 

Jas. Hamblet. 1 

W. E. Geyer. 1 

John Langton. 1 

T. C. Martin. 1 

E. L. Nichols . 1 

W. B. Potter. 1 

W. D. Sargent. 1 

L. B. Stillwell. 1 

W. M. Stine. 1 

B. F. Thomas. ... 1 

Jos. Wetzler. 1 

.1331 


FOR MANAGERS. 


Total Votes Cast 


Alexander Macfarlane.428 

Gano S. Dunn .408 

Herbert Laws Webb.400 

W. F. C. Hasson.399 

R. B. Owens... 13 

Samuel Sheldon. 9 

M. I. Pupin. 8 

W. J. Hammer. 6 

A. A. Knudson. 6 

C. E. Emery. 5 

Jos. Wetzler. 4 

A. J. Wurts. 4 

Louis Duncan. 3 

E. J. Houston. 3 

C. P. Steinmetz. 3 

W. S. Barstow. 2 

F. Bedell. 2 


1755 


A. C. Crehore... 2 

O. T. Crosby... 2 

Alex Dow. 2 

H. W. Leonard. 2 

M. Levis. 2 

Win. Maver, Jr. 2 

F. A. C. Perrine. 2 

R H. Pierce. 2 

A. L. Rohrer. 2 

C. A Terry. 2 

C. F. Uebelacker. .. 2 

E. G. Acheson. 1 

Brown Ayres. 1 

Wm. A. Anthony. 1 

C. L. Buckingham. 1 

J. B. Cahoon. 1 

E. Caldwell. 1 
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J. J. Carty. 1 

C. L. Clarke. 1 

W. R. C. Corson. 1 

Chas. Cuttriss. 1 

W. L. R. Emmet. 1 

C. C. Haskins. 1 

F. S. Holmes. 1 

A. Hartwell. 1 

F. S. Hunting. 1 

D. C. Jackson. 1 

W. J. Jenks. 1 

S. J. Larned. 1 


Total 


C. 0. Mailloux. 1 

L. B. Marks. 1 

A. L. Hiker. 1 

H. G. Riest . 1 

E. E. Ries. 1 

C. T. Rlttenhouse. 1 

H. J. Ryan. 1 

0. B. Shallenberger. 1 

Nikola Tesla. 1 

J. H. Vail. 1 

C. H. Warner. 1 

Townsend Wolcott. 1 

.1755. 


G. A. Hamilton 
W. J. Hammer, 


FOR TREASURER. 

Total Votes Cast.848 


,346 

1 


Ralph W. Pope. 


Total.348 


1 


FOR SECRETARY. 


Total Votes Cast.348 

Ralph W. Pope.348 


President Duncan announced the result of the election, and 
appointed Mr. W. J. Hammer and Dr. M. I. Pupin a committee 
to escort the newly elected President to the Chair. 

The following paper was then read by Dr. Alexander Macfar- 
lane, discussion upon which was deferred until the General 
Meeting, July 26th. 

The meeting then adjourned, the members reassembling at 
“The Arena, 5 ’ where the annual dinner was held, at which 92 
members and guests were present. 




































A paper presented at the Annual Meeting" of the 
American Institute of Electrical Engineers , 
New York, May 18th , i8qj. President Dtmcan 
in the Chair. 


APPLICATION OF HYPEEBOLIC ANALYSIS TO 
THE DISCHARGE OF A CONDENSEE. 


BY ALEXANDER MACFARLANE. 


In recent years the theory of the discharge of an electric con¬ 
denser has played a very important part in the advance of 
electrical science; for it served as the starting point of the 
experiments of Feddersen, Paalzow, Helmholz, Lodge, Plertz 
and many others, which cnlminated in the demonstration of the 
existence and properties of electromagnetic waves. The theory 
of the discharge was tirst given by Lord Kelvin, then Professor 
William Thomson, in a paper on “Transient Electric Currents 5 ’ 
published in the June number of the Philosophical Magazine 
for 1853. The application to the phenomenon of the principle 
of the conservation of energy leads to the differential equation 


P <1 \ P d g i 1 

L~C q 




where R denotes the resistance and L the inductance of the cir¬ 
cuit, and G the capacity of the condenser which is practically the 
capacity of the whole circuit. If q = A e rat be assumed as the 
solution of the equation, then m must be such that 

m + T 

whicli reduces to 




mfi —j— 2 a m —j— b — 0 


where for brevity a is written for 


R 
2~L 


and b for 


1 

L G * 



According to the theory of the quadratic equation, there are 
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two general cases separated by a transition case. If a 2 is greater 
than b ; there are two real values of m, namely 

— a -j- V a? — b and — a — V a 2 — b . 

If a 2 is less than b , there are two imaginary values of m, 
namely, 

— a + V— 1 V~b — a 2 and — a — 4 /TZ 1 

The transition or separating case is where a 2 — b: then there 
is only one value for m, namely, what is common to the two 
general values. 

The following are the solutions which are usually given of the 
differential equation. In the case of real roots 

q — o l e~ ( a ~ ^ -j- c 2 e~~ ^ 0/2 ~ b ) 1 ; (3) 

in the case of imaginary roots, 

'q=c x e”( a ~ ^ + ^ 6 -(*+ h-l ^ 

and in the transition case 

q e a ^ ( e 1 -j- g 2 t ). ( 5 ) 

In the imaginary case, the apparently impossible solution is re¬ 
duced to the form 

q = a e~ at sin [ V(b — a 2 ) t ~j- <p] ( 6 ) 

which shows that the change in the condenser at any time is given 

TC 

by a sine wave of period -^ === and of amplitude which 

diminishes geometrically at the rate a. 

A.s the limiting case separates the two complementary regions 
of the real and the imaginary, we expect that the real solution is 
also capable of reduction to a form analogous to ( 6 ) and exhibi¬ 
ting the function with equal clearness. We also expect the 
transition solution to be evident from the two general solutions j 
but when they are in the above forms, the transition is not evident. 
We observe that in the former general case the roots are treated 
as simple algebraic quantities, while in the latter general case 
they are treated as complex quantities. A complex quantity con¬ 
sists of two components, one of which is real and the other 
imaginary. If there is any thorough going analogy, it must be 

possible to treat the real roots also as a species of complex 
quantity. 

A complex, quantity a + l 1 can be reduced to the form 
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r (cos 6 + V — 1 sin 6 ); for r = V a* + b 2 , cos 0 = 
a b 

6111 ^ = 7 ^ y If we enc l uire int0 tlie geo¬ 
metrical meaning of the V — 1 here appearing, we shall find 
that it means a quadrant of turning round the axis perpendicular 
to the plane of reference. Let ft denote that axis, then ft 8 de¬ 
notes an angle of 6 radians round the axis ft, and 

ft 6 = cos 6 + sin d ft*. 

Hence the ordinary complex quantities can be expressed in 
the form 


r ft B = r (cos 6 + sin 6 ft*), 

and they are simply coaxial quaternions, the axis being commonly 
left unspecified, as it is the same for all. 

Let s ft? denote another complex quantity, than r ft B x s ft* = 
rs + f 


/i IX 

= rs [cos 0 cosy — sin 0 sin <p -j- (cos <p sin 0 -f cos 0 sin w) ft*). 

Here the product is formed according to the theorem for the 
cosine and the sine of the sum of two circular angles. Now the 
circular trigonometry has its complete counterpart in the hyper¬ 
bolic trigonometry; consequently we expect to find a hyperbolic 
complex number. This subject was investigated at length in 
“Papers on Space Analysis ,” 1 which I published 1891 to 1894. 
In this paper I propose to show that by treating the real root as 
a hyperbolic complex quantity, equation ( 3 ) can be reduced in 
precisely the same way as equation ( 4 ). 

The exponential expression for a circular angle x is v ~~ i x , 

II 0 

which expressed definitely is e x P*. By applying the exponential 
theorem, we obtain a series which breaks up into two parts, 
namely, 


1 



aj 6 

6l 



? 


and 


l 





? 


of which the former is the series for cos x and the latter the series 
for sin x. Now because the terms of the sine series are all 
afteeted by the sign V — 1 , they do not add directly to the other. 


1. “The Imaginary of Algebra.” Froe. A. A. A. S. vol. —, p. 50. Funda¬ 
mental Theorems of Analysis, p. 23. Definitions of the Trigonometric Functions, 
p. 30. Principles of Elliptic and Hyperbolic Analysis, p. 17. 
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terms, but are geometrically compounded as forming a perpen¬ 
dicular component to the terms of the cosine series. ¥e enquire 
for the analogous exponential expression for a hyperbolic angle 
x. Algebra furnishes none. It is not e% for 



X 2 X B X 4 

1 + x + VI + A! +11 + 


and here there is no ground for breaking up the series into two 
components; all the terms are real, and so add directly. For 
the same reason, it cannot be e~ x . But we know that 


/y>2 /yj4 /'V.6 

cosh x — 1 -f- —- + —+ — +, 


and sinh x = 



there must therefore be some proper way of expressing the sum 
by an exponential function. 



Fig. 1. 



Before proceeding further, let us consider what is meant by a 
hyperbolic angle. 

In Fig. 2, let a p be an arc of an equilatoral hyperbola, o a and 
o b the equal semi-axes. The radius o p is derived from the 
semi-axis o a by a hyperbolic versor which has a magnitude x 
and an axis through o perpendicular to the plane. How x is not 
the ratio of the arc a p to either the radius vector op or the 
semi-axis o a ; but the ratio of twice the area of the sector a o f 
to the square on o a. In the circle, Fig. 1, the ratio of twice the 
area of the sector aop to the square on o a is equal to that of 
the arc a p to the semi-axis o a; the symbol x may denote either. 
But in the hyperbolic counterpart it is the ratio of the areas 
which must be taken. If x denotes the ratio of twice the area 
of the hyperbolic sector aop to the square on o a, then as a 
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matter of truth, not mere definition, cosh x, by which is meant 
the ratio of o m to o a, is equal to 

/■y»2 /v >4 

1 +h+h+’ 

a nd sinh a?, by which is meant the ratio of m p to o a, is equal to 

/Vj3 /yj5 

T 3! ^ 5! T 

"We observe that o m and o a have the same direction, while m p 
8 at right angles to o a; hence we conclude that the second 
series is really at right angles to the first. But instead if cos 2 x 
+• sin 2 x = 1, we have cosh 2 x — sinh 2 x = 1; the fact that it 
is the difference not the sum of the squares which is equal to 1 
attaches a scalar V — 1 before the sinh series. We conclude that 
the proper expression for the hyperbolic versor is 

- 4 II 

cosh x y — 1 sinh x ; 


ii 


- XL 

and that the exponential expression is e v 1 x P . For brevity 

n 

we will donate ff* by i. Thus e iX denotes a circular angle, and 

l/ -j * 

e y ——i 'i x a hyperbolic angle. 

The process by which equation (4) is usually reduced to equa¬ 
tion (6) is highly obscure to the student. We shall state it in 
a form, such that it will apply to the analogous hyperbolic case. 
For brevity let n denote the square root of the difference of a? 
and b ; in the hyperbolic case n is less than a . Equation (4) may 
then be written 

( 0l e int + e~ int \ 

The arbitrary constants c L and c 2 are circular complex quan¬ 
tities ; they are not perfectly arbitrary, but are connected in such 
a way that they involve only two independent quantities. Their 
magnitudes are equal and their angles supplementary. Hence 
we can write: 

G x = g (cos <p 4“ i sin <p )? 

<h = c (— cos <p 4* ^ sin <p) i 

then: 

i nt „ — i n t Pj j nt t — i nt 


2 


■at 


2 c e 


at 


( 


COS <f 


. . eint\— int \ 

+ * sin <f -^- ) 


2 ' ' 2 
i 2 c e ~~ at 4 s 9 s * n n ^ “I - s * n 9 008 n d 

~ at sin (nt ip). 


i 2 g e 
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The i is dropped, 2 c is written A, and thus equation (6) is 
obtained. 

The assumptions usually made in reducing are 

c 2 = o (cos <p + i sin <p ) and c 2 — c {cos <p — i sin <p) 

which is equivalent to making the angles conjugate. The solution 
then is 

q = 2 c e at cos (nt - f- <p) 

which is the horizontal instead of the vertical projection. The 
analogous investigation shows that the former is the correct as¬ 
sumption for the initial conditions of the discharge. 

In the case of the hyperbolic roots 


(< 


« at t/ - 1 i nt + c 2 e-'- 1 ini \ 


Let 


and 


then 


Ci = o ( cosh <p - f- V — 1 i sinh <p ), 
c 2 = c (— cosh <p - f- V — 1 i sinh <p)\ 


q = V" — 




^ cosh 


^ 1/—L int — g— V—1 int 
2 


I ^ F—i int e — —1 int\ 


= V — l i 2 c e at sinh (n t + <p ), 

and by dropping V — 1 i and writing A for 2 c , 

q = A e ~~ at sinh (n t -f- <p ). 

Were conjugate hyperbolic angles taken for the arbitrary con¬ 
stants, the horizontal projection would be obtained, involving 
cosh (nt<p) in which case the initial current could not be 

zero. Either projection satisfies the differential equation, but it 
is only the former which satisfies the initial condition that there 
is no current at the beginning. 

The meaning of these solutions is illustrated by Figs. 3 and 4. 
Fig. 3 represents the circular case, o p multiplied by c repre¬ 
sents c u and o p 1 multiplied by c represents c 2 ; 0 q multiplied 
by c e~ at represents the first circular solution and oq 1 multi¬ 
plied by the same quantity represents the supplementary circular 
solution. The multiples of o q and o q 1 are compounded, their 
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resultant being 2 c e~~ at of o m which represents sin (nt -f- tp). 
• In the hyperbolic case (Fig. 4), o p multiplied by c represents 
, and o p 1 multiplied by c represents e 2 ; o q multiplied by 
c e~~ at represents the first hyperbolic solution, and o q 1 multiplied 
by the same ratio represents the supplementary hyperbolic solution. 
The multiples of o q and o q 1 are compounded, their resultant 
being 2 c e~~ at of o m, which represents the sine of the hyper¬ 
bolic angle n t + <p. 

By differentiation we deduce the solution for the current; let 

it be denoted by 1. As 1 = 

J d t 


I 


A e 


-at 


A Vd 2 — n 2 e at 


[a sinh (nt + <p) — n cosh (nt + <p) ] 
a 


V a 2 — n 2 


f sinh (nt - f- <p) 


n 


cosh (nt + <p) 


= — A Va 2 — n 2 e 


-at 


V d 2 — nf 
sinh {nt -j- <p — tanh“ 1 ~ j • 




Thus the charge is in advance of the current by the hyperbolic 


angle whose tangent is —, which is the hyperbolic angle at which 

c% 


both q and /have their maximum value. The same proposition 
applies, mutatis mutandis , to the oscillating discharge. 


"Writers on this subject call ~ the time constant for an expo- 

co 


nential discharge, and - , ===== and - 7 ========- 

— a -j— y a — 0 —a — \ cl — b 

the time constants for the non-oscillating discharge. But from 
the above presentation of the subject it is evident that V a 2 — b 
is the analogue of V b — a 2 in the circular case. There it means 
the angular velocity of the auxiliary circular motion; so here it 
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means the angular velocity of the auxiliary equilateral-hyperbolic 

motion. In the oscillating case — - o gives the period : in 

Vo — ar 

o ^ 

the non-oscillating case ~~^== ~ gives the hyperbolic period. 

By the hyperbolic period is meant the time occupied by the 
radius-vector of the equilateral hyperbola of unit semi-axis to 
sweep out twice the area of the circle of unit radius. This detb 
nition of period applies to the circular case also. 

The function A sin (n i -<p) represents the vertical projection 
of a uniform circular motion of amplitude A , angular velocity n, 
and epoch <p. Similarly the function A e~ at sin (nt -f- <p) re¬ 
presents (Fig. 5) the vertical projection of the circular spiral motion 
of the point p having angular velocity / /i J epoch <p and logarithni- 
callv decreasing amplitude A e~~ at . In the same manner the 



Fm. 5. Fig. e. 


function A e ai sinh (n t ~j- (p) represents (Fig. 6,) the vertical 
piojeetion of the hyperbolic spiral motion of the point p having 
hyperbolic angular velocity n, epoch the hyperbolic angle <p, and 

amplitude A e It will be observed that this spiral is conver¬ 
gent, for n is less than a. 

By putting in the conditions that I = 0 and q = Q when 
t = 0, we obtain 

<P — tanh -1 ™ , and A = Q 

a n 

consequently 

q = Q -— e~~ at sinh (nt -f- tanh”" 1 ) 

n \ 1 a ) 

and 

T cd — n 2 . 

1 — — Q —-- e at sinh n t. 

fu 
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These curves have a maximum value when the angle is 

tanh -1 — ; hence when t ~ o and t = — tanh"-" 1 — respectively. 

They have a point of contrary flexure, when the angle is 

2 tanh" 1 - ; hence when t — I tanh— 1 - and t = ^ tanh -1 - 
a n a 2 a 

respectively. The properties of either curve are given by the 

general equation 

d h _ ( wo 4V — »T +1 ~ at 

dfa - K x ) v - 


n _ 1 n 

77 tanh 1 — 
2 a 


r n 

sinh nt — (m — 1 ) tanh -1 — 

' J a __ 


corresponding to 
dm g _ (_!)» g 


r n ~ 

sin nt — ( m — 1 ) tan "” 1 — 


in the oscillating case. 

The nature of the curves for the charge and the current in the 
non-oscillating case has not been plain to some electricians of high 
authority. In the first volume of his work, “Alternating Current 
Transformer , 55 page 379, Professor Fleming represents the cur¬ 
rent graphically by an exponential curve, which is far from 
representing the current correctly. In the first volume of his 
“Lecons sur l’Electricite,” page 256, Professor Gerard represents 
the charge by an exponential curve which has no maximum at 
the beginning; and the same representation is given by Professors 
Jackson in appendix C of their “ Alternating Currents . 55 The 
curves are correctly represented graphically by Doctors Bedell 
and Crehore in their “Alternating Currents , 55 and by Professor 
Webster in his “ Theory of Electricity and Magnetism . 55 

We deduce the solution for the transition case by means of the 
principle that in form it must agree with what is common to the 
two general solutions. Now for the hyperbolic case 


q = A e at 
and for the circular case 


(nt —p (pf* 
t + 9 +-3I- 




711 4“ <p. 


(nt -j- (p) s 
3l 
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lienee for the transition case 

q = A e~ at (tp -j- n t ). 

As A <p is represented by a length, and A n by a linear velocity, 
let them be denoted by the constants 2 c and’ 2 v. Then q — 
2 e~ at (c + vt). ■ 

In the case of the horizontal projections the only common 
part is the first term of the series, namely 1; hence b denoting 
an arbitrary length, we have 2 e~ at b for that projection. Hence 

the primary form of the solution of the differential equation in 
the transition case is 

q = e at { [ b -j- i (c -j- v t) ] -f- [— b -f- i (c + vt) ] 

i This is represented in lig. 7, which is the transition between 
Figs. 3 and 4. op represents b -f i c, and o p 1 represents 

— 1 + \ 0 '■> 0 Q represents b + * (c + v t) and o q 1 represents 

— 5 + i (o + vt ); o m represents half of the resultant of o q 
and o q 1 . 

By putting in the conditions that I = 0 and q = Q when 
t = 0, we obtain 

q = Q e~ at (at -f 1) 

and 1= — Q e ~ at a 2 t. 

The general differentia] co-efficient is 

d m q r _. 

dt m ~ (— 1 ) m Q e at aF at — (m — 1) . 

Hence q is a maximum when t = o, and has a point of contrary 

flexure when t = ; and / has a maximum when t = i and a 

a . a 

point of contrary flexure when t = t. Thus we see that 1 

& 

takes the place of tan" 1 J or tanh- 1 * , and that a takes the 

Co (1 

place of n. 

Fig. 8 is the transition between Figs. 5 and 6. The point r 
describes a uniform motion along the straight line; or isos 
diminished at a uniform geometrical rate, o q is the vertical pro¬ 
jection of o p. The path of p is perpendicular to o a at the 
point o, whereas in the hyperbolic case it makes an angle of 45°. 

If attention is restricted to real roots, it is difficult to see why 
the transition solution is not of the form q = A e~ at , nor is the 
matter made very clear in treatises on Differential Equations. 
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The preceding investigation throws new light on the theory 
of the quadratic equation. The current theory may be stated as 
follows: A quadratic equation has either two real roots, or two 
imaginary roots, the separating case being when the roots are 
equal. According to the results of the preceding investigation, 
the theory should be stated as follows: So far as real roots are 
concerned, a quadratic equation has either two such roots, or else 
none, the separating case being where they are equal. The two 
general cases are the real and the impossible. As regards com¬ 
plex roots, a quadratic equation has either two. conjugate hyper¬ 
bolic roots, or else, two conjugate circular roots, the separating 
case being where they are straight-line. Consider the quadratic 
equation x 2 + 2 ax -f- b = 0. If a 2 is greater than 5, the roots 
are hyperbolic, and 


II 

1 

rv 

+ 

V- 

- 1 i 

V a 2 - 

-i 

x % — — a — 

v- 

- 1 i 

V a 2 - 

-b 




If we substitute either root in the equation, we shall find, just 
as in the case of the circular roots, that the terms which do not 
involve i cancel one another, and likewise the terms which do 
involve i. The equation is doubly satisfied by the independent 
vanishing of the two parts. 

The preceding investigation has an important bearing on the 
theory of the complex quantity, a theory* which lies at the 
foundation of algebraic analysis. The eminent mathematician 
Cayley maintained that the complex quantity a ib is the most 
general magnitude considered by algebra, and that were it fully 
investigated the science would become totus teres atque rotun -- 
dus. The current doctrine among mathematicians is thus stated 
in a recent able work on alternating currents, where from the 
nature of the subject the circular complex quantity is a funda¬ 
mental idea: 
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“Within the range of algebra no further extension of the 
system of numbers is necessary or possible, and the most general 
number is a -j- ib , where a and b can be integers or fractions, 
positive or negative, rational or irrational.” x Letthe question be 
limited to the algebra of the plane although that is in truth an 
arbitrary restriction, for spherical trigonometrical analysis is as 
much algebra as is plane trigonometrical analysis. The preceding 
investigation shows that the ordinary complex quantity is only 
one-half of the whole subject of plane algebra; for parallel with 
the circular complex quantity we have a hyperbolic complex 
quantity, and for every theorem about the former there is an 
analogous theorem about the latter. If the one is within the 
domain of algebra, so is the other. Here we have another in¬ 
stance of the danger involved in predicating impossible. 


1. Steinmetz, “Alternating Current Phenomena,” p. 405. 
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Discussion at Eliot, Me., July 27 , 1897 . 

Mr. Ohas. P. Steinmetz : — I have been very much interested 
in this paper of Dr. Macfarlane’s, since it offers a common method 
of calculation for the two different classes of phenomena which 
can take place, if a condenser discharges through a circuit of re¬ 
sistance and inductance. Such a condenser discharge can either 
be an oscillating current, that is, a current similar to an alterna¬ 
ting current, but gradually decreasing in amplitude, or it may be 
a steady discharge, that is a gradual dying out without reversal. 
The former is the case if the resistance of the circuit is below, 
the latter if it is beyond a certain critical value. 

The usual method of investigation of these phenomena leads 
to. two different functions, an exponential function for the steady 
discharge which becomes imaginary if the resistance is below 
the critical value, and a trigonometric function for the oscillating 
discharge which becomes imaginary if the resistance is above 
the critical value. 

Both these two forms of discharge are apparently entirely 
different from each other, nevertheless in reality they are of the 
same nature and gradually change into each other as you will 
best see by considering a mechanical analogon, as a pendulum in 
motion. A pendulum, when set in motion in air, will make a 
lesser or larger number of oscillations with gradually decreasing 
amplitude, until it comes to a standstill. The rapidity of decrease 
of oscillations depends upon the resistance of the medium in 
which it moves, thus for instance in a more resisting medium as 
in water, the amplitude of oscillation of the pendulum will de¬ 
crease much faster than in air and it will come to rest very shortly. 
In a still more viscous medium the oscillations will die out still 
more rapidly and only very few oscillations take place and ulti¬ 
mately only a half oscillation, that is, the pendulum will be 
brought to rest by the resistance of the medium without ever 
passing over the position of equilibrium. The latter case is ana¬ 
logous to the steady discharge. 

It is very gratifying to see in the paper these two sides of the 
same phenomenon of condenser discharge, represented by the 
same symbolism. 

There is, however, one sentence in the end of the paper in 
reference to a statement which I made once regarding the posi¬ 
tion of the complex imaginary quantity in algebra. I am sorry 
to say that I cannot agree with Dr. Macfarlane on this point, but 
have to maintain my former position.. 

All the eminent mathematicians of modern times as far as they 
have taken position at all, have considered the complex imaginary 
quantity as the most general algebraic quantity, and that there 
is no further extension of algebra possible outside of the complex 
imaginary quantity. It is obvious that these mathematicians 
cannot possibly have been mistaken. 
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In opposition hereto, Dr. Maefarlane takes the stand tliat there 
are other complex imaginary quantities possible outside of the 
complex imaginary one, and even offers here in the paper a 
complex imaginary or hyperbolic quantity outside of the complex 
quantity of pure mathematics. It is evident that there must be 
a mistake somewhere, and we can discover the mistake by look¬ 
ing on page 165 of Dr. Macfarlane’s paper, where he introduced 
this hyperbolic complex imaginary quantity. lie says there in 
the second line, “If we inquire into the geometrical meaning of 

the |/_1 here appearing, we shall find that it means a quadrant 
of turning round the axis perpendicular to the plane of refer¬ 
ence,” then he introduces the hyperbolic quantity. This shows 
the source of the mistake. The quantity introduced here by I)r. 
Macfailane is a vectoi* symbolism, that is the symbolic represen¬ 
tation of a plane vector, or in other words, of a geometrical re¬ 
lation, similar as for instance the system of quaternions is a space 
vectoi sj in holism. .A. vector symbolism is not yet an algebraic 
quantity, for instance the quarternions are not algebraic quantities. 

Undoubtedly the number of possible vector symbolisms is un¬ 
limited, the number of algebraic quantities is however limited. 

l/V^e ha\e thus to see what is the meaning of an algebraic 
quantity. ** 

An algebraic quantity is a quantity with which we can operate 

by the common rules of algebra, that is, multiply, divide, 1 solve 
equations, etc. 

There is one fundamental principle underlying all algebraic 
operation, that is the principle that if a product is zero one of 
tlie factors must be zero. 

Even the simplest calculations are based on this principle. 

lake for instance the case that you have measured a resistance 
r and find. 


5 r 


20 


everybody will say herefrom, 


4. 


5 v 
5 r 


0 

0 


0 


Explicitly the operations were, 

= 20 
- 20 
5 (y — 4) 
r — 4 = 

- = 4 

As you see in deriving this result r — 4 from f> ,* = 20 a 
result winch everybody would take for granted immediately, w 
have made use of the fundamental principle of algebra by can¬ 
celling with o, tliat is assuming that if the product 5 (r — 4) = 0 
and theone factor 5 is not zero, the other factor r — 4 must he 
zero. Thus if this principle does not hold, the calculation would 
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be erroneous, or in other words, every possibility of calculation 
would cease, and it is erroneous for quantities which are not 
algebraic, as for instance for the hyperbolic vector quantity in¬ 
troduced by Dr. Macfarlane. 

Let us see now how the complex imaginary quantity stands 
with regard to this fundamental principle of algebraic quantities. 

Let a b be a complex imaginary quantity and x + j y 
another complex imaginary quantity. Let their product be zero, 
that is, 

0 + j b) (x + j y) = 0 

If now a -\- j b is a quantity differing from zero, the above 
mentioned fundamental principle of algebra requires that we can 
cancel the equation with a j b and thus get, 

x -H/ y ~ .o 

that is in other words, if (a -f - j b) (x -f - j y) = 0 and a -f- j b 
differs from zero, x + j y must be zero, if the complex quantity 
is an algebraic quantity. 

From (a -{- j b) (x -\-j y) = 0 it follows: 

(a x+fb y) -\-j (a y + b x) = 0 

or since/ 2 = — 1 by definition of the imaginary unit, it is 

(ax — by)- f- j (a y + b x) = 0 

since, however, j is a different kind of unit, either of the two 
terms of the last equation must be zero, that is, 


a x — b y ~ 0 
a 7/ -f- b x = 0 


Since a and b differ from zero, we can eliminate a and b from 
these two symmetrical equations and get the result, 



This condition can be fulfilled only by 



y = 0 

that means x + j y = 0. 

Thence from the equation, 


it follows, 


{a + j b) (x + j y) — 0 

* +i V = o 


that is the complex imaginary quantity is an algebraic quantity 
and can be treated as such. 

Take, however, the hyperbolic complex quantity introduced 
by Dr. Macfarlane. 


_ r i ___ 

The hyperbolic imaginary unit of his is, V —1 fi* or i V —\. 
For brevity, we may denote: i V —1 = J,:, It is defined by, 

J>? — + 1 

I 
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assuming again the product of two such complex quantities equal 
zero : 

(a + h IS) (x 4 - 7c ?/) = 0 

• * p ii /\6 t// 

it IOllOWS 

(ct x 7S 1) 9ji) 4~ 7c (ct> y 4~ 7> ctT) zz 0 

or since 7c? = 4~ 1 an d the two terms of the last equation are of 
different nature, it follows, 

a x 4 ~ 7) y = 0 
a y 4- 7) x = 0 

or, eliminating a and we get, 

fir — qf - () 

that is, 

x — i y 

This means, if x = ± y, the product (u + jfc A) O 4- /■ ,j\ can 
be zero without either factor being zero. 

Since x and y differ from zero it follows analogously as con¬ 
dition of zero value of the above given product, tlfat 

a = qp 7) 

that is, if in two hyperbolic complex imaginary quantities the 
coefficient of the real term equals the coefficient of the imaginary 
term, but the signs of the imaginary components are opposite 
the pioduct of these two hyperbolic complex quantities is zero 
without either factor being zero. 

(a ± 7c a) (x qp 7c x) = 0 

Furthermore it follows that the hyperbolic complex imaginary 
quantity ot this paper is not an algebraic quantity, and that equa¬ 
tions in such quantities cannot be handled by the laws of algebra 
foi instance, cannot be cancelled by a constant factor without 
being liable to see an equality changed into an inequality. That 
means the hyperbolic imaginary quantity, while a vector symbo¬ 
lism, is not an algebraic quantity, and my statement that the 
complex imaginary quantity is the only and most complete alge¬ 
braic quantity still holds. ‘ b 

I)k. A. E. Ivennex.lt: I am sorry that Dr. Macfarlane is not 
with us, because we might expect an animated discussion on the 
points^ JMi. feteinmetz has raised. There are several matters of 

great interest in this paper. I will only venture to call attention 
to two of them. 

. all know that if a plane cuts a right cone at right angles to 
its axis, the curve of intersection is a circle. If the cutting nlane 
is tilted, the circle becomes an ellipse; until, when TheSue£ 
parallel to one side of the cone the curve becomes a narabola • 

and finally when the plane is tilted beyond this position the curve 
is a hyperbola. 

The results pointed out by the author may be expressed as fol¬ 
lows: When a perfect condenser discharges through a perfectly 
conducting circuit, e., a resistanceless circuit, containing indue- 
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ta.nce, the discharge is oscillatory without damping, and may be 
Represented by the motion of a point in an ellipse with equiang- 
TLlar velocity around the centre, the angle being measured ellipti- 
oadly; or > by the motion of a point in a circle with equiangular 
velocity, as a particular case of the ellipse. 

When the discharging circuit is not perfectly conducting, but 
offers a resistance, such that its magnetic time : constant is greater 
"fcban one-fourth of the static time-constant, the discharge, no longer 
-undamped, may be represented by equiangular velocity in an 
ellipse—with the circle as a particular case—accompanied by a 
logarithmic shrinking of the radius vector. The trace of the 
point’s motion is therefore a logarithmic spiral, or an orthogonal 
projection of the same on an inclined plane, i. e., a logarithmic 
elliptical spiral. 

When the discharging circuit has so much resistance that the 
magnetic time-constant is greater than one-fourth of the static 
-time-constant, the cutting plane of the cone must be tilted from 
f lie elliptic curve to the hyperbolic curve. The discharge of the 
oondenser may now be represented by equiangular velocity in the' 
liyperbola, a' rectangular hyperbola as a particular case, accom¬ 
panied by logarithmic shrinking of the radius vector. The trace 
of the point’s motion is therefore a logarithmic hyperbolic spiral. 

When the discharging circuit has critical resistance, so that the 
magnetic time constant Ijr is one-fourth of the static time constant 
or c rf 4, the cutting plane must occupy the intermediate position, 
and the curve becomes a parabola. The discharge of the con¬ 
denser may now be represented by equiangular velocity in the 
parabola, accompanied by logarithmic shrinking of the radius 
vector. The trace of the point’s motion is therefore a logarith¬ 
mic parabolic spiral. 

I do not mean that the above statements are all in the paper 
"before us, although some of them are there. I mean that these 
are conclusions to which the very interesting treatment in the 
paper appears to lead. 

The second point is of less interest to us as electricians, it is at 
present almost wholly of mathematical interest. The square root 
of minus unity was originally called imaginary, because it was 
regarded as a logical reduction to an impossible or unusual result. 
Later it became readily interpreted geometrically as the operator 
-which rotates a line counter-clockwise in a plane through a right 
angle. No other interpretation has hitherto been given to this * 
symbol so far as I know. Dr. Macfarlane now points out that 
51: is also capable of a new meaning in which it is not a versor 
but a scalar. 

Me. Steinmetz :—I may add that whatever criticisms I have 
ixiade does not apply to the particular application of hyperbolic 
imaginary quantities made by Dr. Macfarlane, since in his paper 
these complex quantities are never used as products, as for in¬ 
stance, common complex imaginary quantities are used when 
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deriving e. m. f. as product of current, impedance, etc. It is 
only in this latter case where it becomes essential that the com¬ 
plex quantity is an algebraic quantity. 

Db. F. A. 0. Pebeine :—There is just one point—in spe aking 
of complex quantities, which are really not the subject of the 
paper, but nevertheless have been brought up in this discussion— 
in respect to which I think there is an error that has been, com¬ 
monly committed and has interfered with the general under¬ 
standing of the complex quantity, and that is the error of 
considering the introduction of the complex quantity solely, as 
Mr. Kennedy says, for the geometrical interpretation of a partic¬ 
ular mathematical symbol, and that our interpretation of the 
complex quantity is that if we plot along one axis the value J, 
and on the other axis the value of the real quantity—we will call 
it A than any vector may be represented by a sum which we 
will call A-j- JBJ. Now additions or subtractions may be per¬ 
formed entirely geometrically. Let us attempt to 'obtain a 
multiplication. Take another vector which we will call £7-4- D J, 
and commonly we refer this to a unit vector in order to obtain 
multiplication, take this point as the unit vector, then the multi¬ 
plication of these two quantities is performed by drawing on the 
first vector a triangle entirely similar to the triangle drawn bv 
joining the end of the unit vector and the second vector! T hk 
will give us a third vector which, in the geometrical interpreta- 
tion, has been sometimes called the product of these two vectors. 
Now as an actual fact, that is not the product which we can use 
m our analytical working, for the real product of these two 
vectors is the product of their scalar values times the cosine of 
the angle between them, which is an entirely different product 
from this geometrical form of product. This is an error I have 
never seen pointed out, though I have noticed more than one 
writer, shortly after the World’s Fair, who began to explain the 
system, and after reaching geometrical multiplication was com- 
pelled to stop, because the saying that this vector representation 
of the complex quantity is a geometrical method of interpreting 
the square root of minus one, fails as soon as we accept the geo 
metrical method of multiplication which is the only method of 
multiplication of the complex vectors which has been at all des- 

C1 o I? i in j ® chapters in the algebras on the complex quantities, 
and it leads to entirely wrong results, and it shows at once that 
the true method of dealing with the complex quantities is an 
algebraic method and not at all a geometric method. 

Mb. Steinmetz : I agree with the last speaker that in multi¬ 
plying complex imaginary quantities we have to deal algebraic¬ 
ally, since m multiplying two complex imaginary quantities 

geometrically, the product of the two quantities may have no 
meaning. J 

In the geometrical multiplication the product of two complex 
quantities as vectors is a vector again. Wherever the product of 



1897.] 


DISCUSSION. 


181 


the two quantities represented by the complex numbers is not a 
vector quantity, it is obviously not feasible to represent it in the 
diagram by a vector, and thus the geometrical multiplication 
becomes meaningless. This is for instance the case when multi¬ 
plying current and e. m. f. to derive the power, since power is of 
double frequency and thus cannot be represented in the polar 
vector diagram of single frequency. 

D e. Peeeine :—That is perfectly true ; but at the same time 
it is not as much a foregone conclusion as you might think; 
because I was taught to multiply these complex quantities in 
that way by a man who had learned it from no less a man than 
Weyerstrass in Germany, and this was given to me as the sum of 
knowledge in regard to complex quantities, and I think that a 
great many learners have been confused by exactly that error 
in the geometrical interpretation of complex quantities. 

Me. Steinmetz :—The geometrical multiplication of complex 
quantities is obviously just as correct as the algebraical multi¬ 
plication, wherever the product can be represented geometrically, 
that is wherever the product is a vector, as for instance when 
multiplying current with impedance or e. m. f. with admittance. 
Only where the product of the two vectors is not a vector, as 
when multiplying current and e. m. f., the geometrical multi¬ 
plication which gives a vector as product, becomes meaningless. 

Dk. Louis Bell :—It seems to me that this discussion gives a 
very beautiful example of how not to use certain mathematical 
symbols. 1 think we owe to Mr. Steinmetz a great deal for his 
clever manipulation of‘the imaginary quantity in the solution of 
physical problems, but I do not know that anything has been 
brought out more clearly in this discussion, than the necessity of 
tying yourself up to your physical conceptions. "Whenever you 
let yourself loose and deal with imaginary quantities which have 
not a close and precise physical meaning, you are apt to get into 
trouble. Just so long as you tie yourself up, keep out your sheet 
anchor, look sharply as to the character of the quantities with 
which you are dealing, you will derive very valuable results. 
As soon as you cease remembering that these imaginary quanti¬ 
ties are means to an end, that they form a vastly convenient and 
very precise method of dealing with certain physical things-*- 
as soon as you forget that, and start with a free hand to swing 
your complex quantities for the purpose of seeing what trans- 
cendental results you can get, then you are almost ready to get into 
difficulty. Mr. Steinmetz has given us some beautiful examples 
of the way in which it should be used, and Dr. Perrine has cer¬ 
tainly given one or two examples of the way in which it should 
not be used. That fact runs all through our physical mathe¬ 
matics ; that as soon as you get out of sight of physical inter¬ 
pretations and start out with a free sheet your cruise may bring 
you to some place which you desire to reach; it may land you 
in a place from which nothing but an all-wise providence 'can 
extricate you. 
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THE ALTERNATING CURRENT INDUCTION 

MOTOR. 


BY CHARLES PROTEUS STEINMETZ. 

Polyphase Induction Motor. 

§ 1. Load Curves .—In its general behaviour the alternating 
current induction motor is analogous to the continuous current 
shunt motor. Like the shunt motor it operates at approximately 
constant magnetic density. It will run at fairly constant speed, 
slowing down gradually with increasing load. The main differ¬ 
ence, however, is that in the induction motor the current is not 
passed into the armature by a system of brushes, as in the con¬ 
tinuous current motor, but induced in the armature by the alter¬ 
nating field, and in consequence thereof, the primary circuit of 
the induction motor fulfils the double function of an exciting 
circuit corresponding to the field circuit of the continuous current 
shunt motor, and an inducing circuit producing the current in 
the armature by electro-magnetic induction. 

In its electro-magnetic features, however, the induction motor 
is essentially a transformer. That is, it consists of a magnetic 
circuit interlinked with two electric circuits, the primary or in¬ 
ducing, and the secondary or induced circuit. The difference 
between transformer and induction motor is that in the former 
the secondary is fixed regarding the primary, and the electrical 
energy induced in the secondary is made use of, while in the 
latter the secondary is movable regarding the primary and the 
mechanical force acting between primary and secondary is used. 

The secondary or armature of the motor consists of two or 
more circuits displaced in phase from each other so as to offer a 
closed secondary tc the primary circuits, irrespective of the 
relative motion. The primary consists of one or several circuits. 
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In consequence of the relative motion of the primary and sec¬ 
ondary, the magnetic circuit of the induction motor must be 
arranged so that the secondary while revolving does not leave 
the magnetic held of force. That means the magnetic held of 
force must be of constant intensity in all directions, or in other 
words the component of magnetic hux in any direction in space 
be of the same or approximately the same intensity but differing 
in phase. Such a magnetic held can either be considered as 
superposition of two magnetic helds of equal intensity in quad¬ 
rature in time and space, or it can be represented theoretically 
by a revolving magnetic hux of constant intensity, or simply 
treated as alternating magnetic hux of the same intensity in every 
direction. 

In the polyphase motor this magnetic held is produced by a 
number of electric circuits displaced from each other in position 
in space, and excited by currents having the same displacement 
in phase as the exciting coils have in space. 

In the monocyclic motor the one of the two superimposed 
quadrature helds is excited by the primary energy circuit, the 
other by the magnetizing or teaser circuit. 

In the single phase motor the one of the two superimposed 
magnetic quadrature helds is excited by the primary electric 
circuit, the other by the induced secondary or armature currents 
carried into quadrature position by the rotation of the secondary. 

In either ease, at or near synchronism the magnetic helds are 
identical. 

The transformer feature being predominant, in theoretical in¬ 
vestigations of induction motors it is generally preferable to start 
therefrom. 

The characteristics of the transformer are independent of the 
' ratio, of transformation, other things being equal. Thai is, doub¬ 
ling the number of turns for instance, and at the same time 
reducing their cross-section to one-half, leaves the efficiency, regu¬ 
lation, etc., of the transformer unchanged. In the same way in 
the induction motor it is unessential what the ratio of primary 
and secondary is, or in other words the secondary circuit can be 
wound for any suitable number of turns, provided the same total 
copper cross-section is used. In consequence hereof the secon¬ 
dary circuit is mostly wound with one or tvo bars per slot, to 

get maximum amount of copper, that is minimum resistance of 
secondary. 
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The general characteristics of the induction motor being inde¬ 
pendent of the ratio of turns, it is for theoretical considerations 
simpler to assume the secondary motor circuit reduced to the 
same number of turns as the primary, or the ratio of transforma¬ 
tion 1, by multiplying all secondary currents and dividing all 
secondary electromotive forces with the ratio of turns, multiply¬ 
ing all secondary impedances and dividing all secondary admit¬ 
tances by the square of the ratio of the turns, etc. 

Thus in the following under secondary current, e. m. f. im¬ 
pedance, etc., shall always be understood their values reduced to 
the primary, or corresponding to a ratio of turns 1 to 1, although 
in practice a ratio 1 to 1 will hardly ever be used, as not fulfilling 
the condition of uniform magnetic reluctance desirable in the 
starting of the induction motor. 

Let in the polyphase induction motor 

Y 0 = g + j 5 = primary admittance, or admittance of the 
primary circuit at open secondary circuit. 

Z 0 — r Q — j x 0 = primary impedance. 

Z x — r x — j x i = secondary impedance reduced to the primary 
by the ratio of turns. 1 • 

All these quantities refer to one primary circuit and one cor¬ 
responding secondary circuit. Thus in a three-phase induction 
motor the total power, etc., is three times that of one circuit, in 
the quarter-phase motor with three-phase armature the imped¬ 
ance of 1^ of the three secondary circuits is to be considered as 
corresponding to each of the two primary circuits, etc. 

Let 

e = primary counter electromotive force, or electromotive force 
induced in the primary circuit by the flux interlinked with pri¬ 
mary and secondary (mutual induction). 

s = slip, with the primary frequency as unit, that is, $ = 0 
denoting synchronous rotation, s = 1 standstill of the motor. 

It is then: 

1 — s = speed of the motor secondary as fraction of synchron¬ 
ous speed. 

s JM = frequency of secondary currents, where 

M = frequency impressed upon the primary 
hence 

s e = e. m. f. induced in the secondary. 

1. The self inductive reactance refers to that flux which surrounds one of the 
electric circuits only without being interlinked with the other circuits. 
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The actual impedance of the secondary circuit at the frequency 
s iVis 

z* = n — j -5 

hence, 

Secondary current: 


r_ 

y f. 
*^*'1 

where : 


•,-j^r* brk? +i _ * (ai +j **> 


$ r. 


r i + ^ X 2 


S 2 X 2 

- - - J 

r l + x \ 


Primary exciting current: 

I QO = e Y 0 = e [g + j b"] 

hence, 

Total primary current: 


Z 0 — #[ (&i + g) + j (a* + b) ] = e (5 t + j b 2 ) 

where: 

P zzz cCi —j— g b 2 — ct 2 —j— b . 

The e. m. f. consumed in the primary circuit by the impedance 
Z 0 is I 0 Z 0 , the counter e. m. f. is e, hence : 

Primary terminal voltage : 


E<> = e + I Q Z 0 = e [1 + (6 X +J b 2 ) (r 0 —j * 0 )'J = e (c{ j <? 2 ), 
where: 

c x = 1 + r 0 ~h b 2 c 2 = r 0 b 2 — s 0 b^ 
Eliminating complex quantities, it is: 


Eo = e Ve 2 + c 2 ; 

hence, 

Counter e. m. f. of motor: 


V c 2 ~|~ of 

where: 

£ 0 = impressed e. m. f., numerical value. 

Substituting this value in the equations of i“ 0 , 7 00 , / 0 , etc.? 
gives the complex expressions of currents and e. m. f.’s, and, 
eliminating the imaginary quantities, it is: 

Secondary current : 

h = e V (Zi + a%. 

Exciting current: 

/oo = e Y~f + P. 

Primary current: 

/ 0 ~ ^ V b j 2 b 2 2 . 
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Denoting by: 

[M N"] = [(mj -j-y m 2 ) {n x j %)] the product: 

m-t % + m 2 n 2 , it is : 

Torque : 

T = [7i *] = <? 2 a, ; 

hence, 

Power output: 

P = (1 — s) T = ^ 2 rq (1 - *). 

Primary input: 

P 0 = [7 0 P 0 ] - 6 2 (h t e, + h 2 c 2 ). 

Yoltamperes, or apparent input: 

Q = /o £©• 

The torque is by this equation given in watts at synchronism, 
that is T = power which would be developed if the motor would 
run with this torque at synchronism. This makes us independent 
of the number of poles, frequency, speed, etc., and thus allows 
the direct comparison of motors. 

The output P includes friction, windage, etc., thus the net 
mechanical output is P — friction, etc. Since however, friction, 
etc., depend upon the mechanical construction of the individual 
motor and its use, it cannot be included in a general formula. P 
is thus the mechanical output and T the torque developed at the 
armature conductors. 


The efficiency is, ± 1 , 

I O 

P 

the power factor, 
the apparent efficiency, 



the torque efficiency, 



the apparent torque efficiency 



The meaning of these quantities is the following : 

The “efficiency” or “power efficiency” is the ratio of the true 
mechanical output of the motor to the output which it would give 
at the same power input if there were no internal losses in the 


motor. 


The “apparent efficiency” or “apparent power efficiency” is the 
ratio of the mechanical output of the motor to the output which 
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it would give at the same volt-ampere input if there were neither 
internal losses nor phase displacement in the motor. 

The “torque efficiency-’ is the ratio of the torque of the motor 
to the torque which it would give at the same power input if 
there were no internal losses in the motor. 

The “apparent torque efficiency” is the ratio of the torque of 
the motor to the torque which it would give at the same volt- 
ampere input if there were neither internal losses nor phase dis¬ 
placement in the motor. 



Fig. 1. 

1—8—80—90110, Form “A.” 60 Cycles, 8 Poles, 110 Volts. Three Phase. 
Curves calculated with: T = .045 + .384,/; Z 0 = .045 —- .124 j; Z t = .041 — 
•124j/. Friction: 510 Watts at Synchronism. Observed by Test: X. 

The torque efficiencies are of special interest in starting where 
the power efficiencies are necessarily zero, but it nevertheless is 
of importance to find how much torque per watt or per volt- 
ampere input is given by the motor. These terms are preferable 
to the terms “torque per watt” or “torque per volt-ampere ” 
generally used in this case, since they are independent of the 
number of poles, frequency, etc., of the individual motor. 

Thus from the quantities: primary admittance, primary iiu- 
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pedance and secondary impedance, the induction motor can be 
calculated. 

The predetermination of admittance and impedance belongs in 
the field of induction motor design and therefore falls outside of 
the scope of this paper. 

As instance, in Figs. 1 and 2 are calculated the load and speed 
curves of a 60-cycle three-phase eight-polar motor, 110 volts im¬ 
pressed, of the constants. 

T 0 = .045 + .384/ 

Z 0 — .045 — .124/ 

Z l = .041 — .124 j per circuit in delta connection. 

510 volts are allowed as friction at synchronism. 

The output and torque are three times the values derived 
directly from calculation since the motor contains three circuits, 
and the current shown in the diagrams is the current per line, or 
VS X the current derived from calculation. 

In Fig. 1 are shown in drawn lines the speed, efficiency, and 
current input of the motor with the h. p. output as abscissae, in 
dotted lines the apparent efficiency, and in dash dotted lines the 
power factor. 

In Fig. 2 are shown with the speed or the slips in per cent, of 
synchronism as abscissae, the torque as ordinates for the three- 
phase armature resistances: 

= .041, or short-circuited armature. 

r t = .33. 

r t = .76. 

This motor is the 7-8-30-900-110, Form A, of General Electric 
Co’s make, and the results of test of this motor are marked in 
Figs. 1 and 2 by crosses, showing the exceedingly close agreement 
between the calculated values and the results of test. 

Examining the equations in the preceding, we see that the 
expression of the current, counter e. m. f., etc., contains the im¬ 
pressed e. m. f. £ 0 as factor, the torque, power output and power 
and volt-ampere input contain £ 0 2 as factor, while the efficiency, 
power factor, apparent efficiency and torque efficiencies are in¬ 
dependent of £ 0 . 

That is, in an induction motor, the efficiency, power factor, 
apparent efficiency, torque efficiency, apparent torque efficiency 
at a given slip or speed, and thus starting torque per volt-ampere 
or watt input are independent of the impressed as. m. f. 

The current and counter e. u, f.’s are proportional to the im¬ 
pressed e, m. f.’s. 
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The torque, power and volt-amperes are proportional to the 
square of the impressed e. m. e. 

• This obviously applies only as long as the iron is below satur¬ 
ation, which, however, is always the case. 

Under torque, output, etc., are understood the values at the 
armature conductors disregarding friction. Since the friction is 
the same at different impressed e. m. f.’s, and the total output 
varies with the square of the impressed e. m. f., the difference, or 



4 


the net mechanical output will be somewhat more than propor¬ 
tional to the square of the impressed e. m. f. On the other hand, 
at high impressed e. m. f.’s, that is greater output, the motor gets 
hotter, and thus its electric resistance rises and thereby reduces 
the output somewhat when running continuously. 

Kating the induction motor at a given percentage., say | of 
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maximum output or of maximum torque, the characteristic fea¬ 
tures of the motor are seen to be entirely independent of the 
impressed e. m. f. and merely dependent upon the admittance 
Y Q = g -f-y b and the impedances Z 0 = r 0 — jx 0 , = r x — jx t . 

A change of one of the impedances has comparatively little 
effect on the motor characteristic, provided that the other im¬ 
pedance is changed so that the total impedance Z 0 -f- Z± remains 
the same. Since the primary and the secondary impedance are 
generally fairly equal, except when intentionally made different, 
as by inserting high resistance in the secondary to get greater 
starting torque and greater drop of speed under load, or by in¬ 
serting reactance in the primary to reduce the starting current 
and the starting torque, and since from tests of the motor only 
the sums of the impedances can conveniently be derived, but not 
the individual impedances, it is mostly sufficient to assume both 
impedances as equal. 

Z = Z 0 = Z 1? or: Z=i(Z 0 + Z 1 ). ‘ 

Hereby the induction motor is reduced to two complex imagin¬ 
ary constants Y and Z, or four real constants y, 5, r, a?, the same 
terms which characterize the stationary alternating current trans¬ 
former on non-inductive load. 

Instead of conductance g, susceptance 5, resistance r, and re¬ 
actance a?, may be chosen as characteristic constants 

the absolute admittance y = Vg 2 + 5 2 , 

the absolute impedances = Vr 2 + x 2 , 

the power factor of admittance J3 = 

y 

and the power factor of impedance y = -. 

z 

If the admittance y is reduced n-iold and the impedance 3 in¬ 
creased n-fold, with the e. m. f. Vn E 0 impressed upon the motor,, 
the speed, torque, power input, and output, volt-ampere input 
and excitation, power factor, efficiencies, etc., of the motor, that 
is, all its characteristic features remain the same, as seen from 
above given equations, and since a change of impressed ,e. m. f. 
does not change the characteristics, as seen above, it follows that 
a change of admittance and of impedance does not change the* 
characteristics of the motor, provided the product $ = 2 y X & 
remains the same. 
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Tims the induction motor is characterized by three constants 
only: 

The product of admittance and impedance & = 2 ys, 
which may be called the characteristic constant of the motor. 

The power factor of primary admittance /3 = V. 

y 

The power factor of impedance y = 



Fig. 3.—Induction Motor. Load Curves. Z — A — JT= .01 + .1 


All these three quantities are absolute numbers. 

The physical meaning of the latter two, the power factors, is 
obvious. 

The physical meaning of the characteristic constant or the 
product of admittance and impedance is the following: 
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exciting current. 


If 7 00 

I l0 = current taken by the motor at stand still, 

it is approximately _ __ /< 


y 


00 




mm % 

L o 

En 

! 1 1 



The characteristic constant of the induction motor $ = 2 y# is 
the ratio of exciting current to short-circuited current. 
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At given impressed e. m. f., the exciting current / 0O is inversely 
proportional to the mutual inductance of primary and secondary 
circuit. The short-circuited current / l0 is inversely proportional 
to the sum of the self-inductance of primary and secondary circuit. 



Fig. 5.*— Induction Motor. Load Curves. Z = .8 — .3 j. 7= .04 Aj. 


Thus the characteristic constant t? = 2 yz is approximately the 
ratio of total self-inductance to mutual inductance of the~motor 
circuits, that is' the ratio of the flux interlinked with one circuit, 
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primary or secondary only, to the flux interlinked with both 
circuits, primary and secondary. The effect of this quantity will 
be shown in the following in the discussion of individual motors. 

To exhibit the effect of the variation of constants on the be¬ 
havior of the induction motor, a number of characteristic motors 
have been calculated in the above described manner, and the load 
curves of some of them are shown in Figs. 3 to 7, while an 
abstract of their constants is given on Table I. 

These motors are calculated with the constants: 




3rd.— 


4th. 


5th. 




Y = .01 + .1 j, 

Z = .1 — .3/, or 
$ = 6.36, 
ft = 10 . 0 , 
y = 31.6. Fig. 3. 

High resistance motor. 

Y= .01 + .ij, 

Z = .2 — .3 jy or 
& = 7.26, 

0 = 10 . 0 , 

7* ~ 55.4. Fig. 4. 

High resistance and high admittance motor. 

Y = .04 -f- AJ, 

Z = .3 — .3y, or 

d = 34.20, 

[3 = 10.0, 

r = 70.7. Fig. 5. 

High reactance motor. 

T = .04 + .4,/, 

Z = .05 — . 3 ), or 

& — 24.44, 

ft — 1 . 0 . 0 , 

y = 16.4. Fig. 6. 

High suscoptancc motor. 

Y = .02 + 4 j, 

Z — . 1 — .3/, or 
# = 25.35, 
ft — 5.0, 

j' = 31.6. Fig. 7. 




Number 1, with load curves shown in Fig. 3, refers to tlie 
best motor which can be built at frequencies of 40 to 60 cycles. 



TABLE I. 

CONSTANTS OF INDUCTION MOTORS. 

E 0 = 110 . 

(The motors marked by X are typical motors.) 
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seen, tlie efficiency rises very rapidly at light loads, readies a 
ximum of 91$, and then slowly drops to 88$ at full load. The 
ver factor rises somewhat slower, but is already 74$ at quarter 
f. The apparent efficiency is very high also, above 80$, and 
;s at light loads quite rapidly. The exciting current is very 
ill. The drop of speed, 6$, at full load, could be made less 
lessening the armature resistance. In very large motors as 



e a speed regulation as 1 to l\% has been reached. Thus this 
or is equally as satisfactory at light loads as at heavy loads, 
r umber 2 in Fig. 4 shows the typical high resistance motor, 
i characterized by poor speed regulation, a drop of 11$ at full 
an efficiency curve reaching very high values at light load, 
falling off with load, while the power factor rises slowly, but 
lies very high values at heavy loads. The apparent efficiency 
nite fair and the exciting current the same as in the first 
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motor, thus due to the decreased output of this motor a some¬ 
what higher percentage of full load current, when rating the 
motor at | maximum torque. 

If besides high resistance the motor has high admittance also, 
as number 3 in Fig. 5, the high efficiency maximum at light loads 
is cut off and the efficiency curve flattened and lowered. The 
power factor rises very slowly at light loads, reaching a lower 
maximum. Characteristic, however, remains the large drop in 
speed, while the exciting current has increased very greatly also. 

If the high resistance is in the field or primary only, but the 
armature or secondary of low resistance, even the characteristic 
feature of poor speed regulation is less marked, and the high re¬ 
sistance recognized only by comparing efficiency, power factor, 
and speed curve. 

The reverse, a high reactance motor , is motor number 4, shown 
in Fig. 6. Characteristic of this motor is the constancy of speed, 
Z.Z% drop at full load, and especially the efficiency curve, which 
rises slowly, but reaches a fairly high maximum at or rather above 
full load. Power factor and apparent efficiency are low, with 
maxima beyond full load, and rise very slowly, that is, are poor 
at light loads. As seen, such a motor is in general unsatisfactory 
and may be less objectionable only in special cases, where it is 
running constantly at or near full load, or where very close speed 
regulation is required and wattless currents less objected to. 

Number 5, in Fig. 7, shows a high susceptcmce motor. This 
motor is characterized by good efficiency at light loads as well as 
heavy loads, but power factor and apparent efficiency are very 
low at light loads and rise very slowly and reach their maximum 
only at or above full loads. 

Comparing the different motors with each other, we see that 
a good motor is characterized by high values of power factor, 
efficiency and apparent efficiency at light loads as well as heavy 
loads, by fairly close speed regulation and low exciting current. 

High resistance is characterized by poor speed regulation and 
lowering of the efficiency at heavy loads, high reactance by very 
good speed regulation, good efficiency at heavy loads, and low 
power factor and apparent efficiency at light loads, high admit¬ 
tance^ high exciting current and poor power factor and appar¬ 
ent efficiency at light loads. 

An abstract of the data of these motors and a number of other 
motors is given in Table I. 
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§ 2. Speed Curves .—The load curves discussed in the preceding- 
are especialty characteristic of the action of the motor when do¬ 
ing work at its proper speed near synchronism. The action in 
starting, or in running at intermediate speeds, or beyond syn¬ 
chronism, or when driven backwards, are best shown by what I 
may call the speed curves of the motor. A set of such curves, 



corresponding to the motor number 1 in Fig. 3, are shown in 
Fig. 8, of the constants 

Y = .01 + Sj, -ZT = .1 — 

These curves give with the speed, that is, the slip, as abscissae, 
the torque in watts at synchronism and the current input of the 
motor. As seen, the torque is zero at synchronism, increases with 
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increasing slip, that is, decreasing speed, reaches a maximum of 
8,250 synchronous watts at 16.5$ slip, and then decreases again* 
reaching 2,920 synchronous watts at 8 = 1, that is, standstill, and 
keeps on decreasing for s > 1, that is, backward rotation, without 
change of direction, thus representing consumption of energy by 
the motor. For s < 0, that is, above synchronism, the torque 
curve is the counterpart of the torque curve for s > 0, but 
is negative, representing consumption of mechanical energy 
and thus production of electrical energy. It again reaches" a 
maximum at s = — 16.5$, of 11,400 synchronous watts, and 
then decreases. The negative or generator part of the torque 



Fig. 8.-— Induction Motor. Speed Curves. Z = .1 — 3j. Y = .01 + .1 j. 

curve is higher than the positive or motor part, that is, driven as 
generator above synchronism the machine consumes more mechan¬ 
ical torque than it produces running as motor below synchronism. 

Thus the induction motor shares with the continuous current 
shunt motor the feature to be a motor only below a definite speed, 
but to become generator or act as brake, by returning energy 
into the line, when driven above its speed. * 

The load curve of the motor corresponds to the part of the 
speed curve between synchronism and maximum torque at positive 
slip. From the part of the speed curve between synchronism 
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and maximum torque at negative slip, or above synchronism, a 
corresponding load curve can be constructed of the machine as 
induction generator. This curve is shown in Fig. 9. As seen, it 
is very similar to the motor load curve, except that the speed 
curve bends upwards. 

As generator the induction machine differs from the synchron¬ 
ous alternating current generator, or generator with constantly 
excited field, in-so-far as the latter can yield current and output 
at any power factor, that is, any phase displacement correspond¬ 
ing to the load, while in the induction generator at given terminal 
voltage to every value of current output a certain power factor 



of load corresponds. That is, to derive a certain value of current 
from the induction generator, the total load put on it must have 
the particular power factor corresponding to this current, and 
besides leading current, or if the power factor of the load changes, 
current and voltage of the induction generator will change accord¬ 
ingly. In consequence thereof, in general the induction generator 
is stable only, if at least a part of the load consists of synchronous 
motors. 

The current in the induction machine is a minimum at syn¬ 
chronism and decreases on either side of synchronism, first very 
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rapidly and then slower, and becomes fairly constant afterwards, 
•as seen in Fig. 8. In the particular motor under discussion, the 
whole variation of current is practically comprised within the 
range from s = -f- .4 to s = — .3, that is, the current at stand¬ 
still is very large and remains practically constant until about | 
of synchronous speed is reached. Thus such a motor with low 
armature resistance will require a very large current, not only in 
starting, but also at intermediate speeds. 

Restricting our attention to that part of the torque curve below 
synchronism, we see that the torque curve consists of two 
branches, the upper branch from maximum torque to synchron¬ 
ism, and the lower branch from maximum torque to standstill. 
The same torque is reached on either branch; for instance, the 
torque of 4,800 synchronous watts at s = .05, and at s = .6. 
The currents corresponding to the two values of speed at the 
same torque are very different, however, 52.5 amperes on the 
upper, 171 amperes on the lower branch. On the upper branch 
the motor is stable, that is, with constant load runs at constant 
speed. On the lower branch, however, the motor is unstable and 
cannot maintain its speed, but must either slow down.and come 
to standstill, or accelerate and reach the upper or stable branch, if 
loaded by constant torque. 

In the same way above synchronism the machine as brake is 

J an ^ maximum torque, and unstable 

beyond maximum torque. 

As seen from the preceding, the motor number 1, while very 
satisfactory at speed, requires excessive current and gives little 

torque at low speed and in starting, and is thus unsatisfactory 
therein. 

In the discussion of load curves in the preceding, we have seen 
that high resistance motors have a large drop of speed and thus 
reach a maximum torque point at lower speeds, that is, are in 
starting nearer to the maximum torque point, or in other words, 
have a greater starting torque. 

From the equations of the induction motor it is obvious that 
this greater torque at low speeds is not due to the primary re¬ 
sistance, but exclusively to the secondary or armature resistance. 

The armature resistance r L enters only in the equation of 
secondary current:' 


r. 


s e 


' 3 *® i 


S Ti 


jr* + s 2 x x 


+ 3 


s 2 x x 


0 

r,~ 
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and in the further equations only indirectly in so far as,r t is con¬ 
tained in a x and a % . 

Increasing the armature resistance n-fold, to n n we get at an 
refold increased slip ns: 

r — n se s e 

■*-1 • ; j 

n Ti — j n sx x r x — J 

that is the same value, and thus the same values for <s 5 / 0 , T\ P 0 , 
while the power is decreased from P= (1 —s) r to P = (1 — ns)T, 
and the efficiency and apparent efficiency are correspondingly re¬ 
duced. The power factor is not changed. Hence: 

An increase of armature resistance r x produces a proportional 
increase of slip n, and thereby corresponding decrease of power, 
efficiency and apparent efficiency, but does not change the torque, 
current and power factor. 

Thus the insertion of resistance in the armature or secondary 
of the induction motor offers a means to reduce the speed cor¬ 
responding to a given torque, and thereby any desired torque can 
be produced at any speed below that corresponding to armature 
short circuit, without changing torque or current. 

Hence, given the speed-torque curve of a short-circuited motor, 
the torque curve with resistance inserted in the armature can be 
derived therefrom directly by increasing the slip in proportion 
to the increased resistance. 

This is done in Fig. 10, in which are shown the speed curves 
of the motor number 1 between standstill and synchronism, for: 

Short-circuited armature: ?\ = .1. 

.15 ohms resistance inserted in armature : r 1 = .25. 

.5 ohms additional resistance inserted in the armature : r t = .6. 

1.5 ohms additional resistance inserted in the armature: 
'/\ = 1 . 6 . 

The corresponding current curves are shown on the same sheet. 

As seen, with short-circuited armature the maximum torque of 
8,250 synchronous watts is reached at 16.5^ slip. The starting 
torque is 2,950 synchronous watts, and the starting current 176 
amperes. 

With armature resistance r x = .25, the same maximum torque 
is reached at 40^ slip, the starting torque is increased to 6,050 
synchronous watts, and the starting current decreased to 160 
amperes. 

With armature resistance r x = .6, the maximum torque of 
8,250 synchronous watts fakes place in starting, and the starting 
current is decreased to 124 amperes. 



CURRENT 
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With armature resistance r x = 1.6, tlie starting torque is below 
the maximum, 5,62u synchronous watts, and the starting current 
is only 61 amperes. 

In the two latter cases the lower branch of the torque curve 
has altogether disappeared and the motor speed is stable over the 
whole range, that is, the motor starts with the maximum torque 
which it can reach, and with increasing speed torque and current 
decrease, that is, the motor has the characteristic of the continous 
current series motor, except that it cannot race, but its maximum 
speed is limited by synchronism. 

On the same diagram, Fig. 10, are shown the currents cor¬ 
responding to the different values of secondary resistance. 

The apparent torque efficiencies of the motor under the four 
conditions of armature resistance are given in Fig. 11. They 
show that, although a considerable starting torque can be reached 
by a moderate armature resistance, of r x = .25, the apparent 
torque efficiency or torque per ampere input is still very low 
under this condition, that is, the motor starts very inefficiently, 
and, as seen in the preceding discussion of high resistance motors, 
is rather inefficient at speed. The same diagram also shows the 
torque efficiencies. It follows herefrom that permanent resist¬ 
ance in the armature of an induction motor can be used to secure 
good starting torque at the sacrifice of current in starting, and of 
efficiencj 7 and speed regulation when running, but cannot be used 
to limit the starting current, the latter requiring so large an 
armature resistance as to make the motor entirely unfit when 
running. 

This brings us to the investigation of the action of the induc¬ 
tion motor in starting. 

The condition in starting is s = 1. 

Substituting s = 1 in the induction motor equations gives 
.starting torque, current, power factor, etc. 



— e (#1 ~\~j a*) 



n 

r? + xf 


a 2 


x 


i 




I 0Q — e {g j b). 

A = I\ + -^oo = [ {a x + g) -[- j (a 2 -j~ b) ] = e (5 X + j b 2 ) 

l) x = co x -j- 9 ^2 — ^2 




Fig. 11.—Induction Motor. Speed Curves. Apparent Torque Efficiency and 
Torque Efficiency. 7 = .01 -f- .lj. Z = .1 — .3 j. Armature Resistance. 
r 1= = 1.6, .6, .25, .1. 
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S’o — 6 + 4 — e [1 + (5j + y 5 2 ) (r 0 — j x 0 )] = e (cj +y <%) 

Ci = 1 + r 0 &! -f~ ^2 c 2 = t - 0 J 2 — a? 0 S,. 

/_> = . - 

♦V + c 2 a 

la — e \/b? -f- b 2 l . 

T=e? a t . 

■Po = \_I 0 Eii\ — c 3 (5i Cj -j-5 2 c 2 ). 

<2 = /.fc 

p 

Power factor - 

<2 


Torque efficiency 


Apparent torque efficiency. 


Prom these equations are calculated for the motor number 1 of 
Y= .01+ .1/, 

£ = -i - A/, 

te starting torque, current, and torque efficiencies at various 
distances and reactances in the secondary and in the primary, 
id plotted in the diagrams, Figs. 12 and 13. 

In Fig. 12 is given, with additional armature resistance r as 
iseissae, the values of starting torque, starting current, power 
,ctor, torque efficiency and apparent torque efficiency. 

In Fig. L3 are given the corresponding values, with reactance 
serted in the secondary. 

The insertion of resistance or reactance in the primary has 
lly the effect of decreasing the voltage at the motor terminals 
id thereby decreasing the torque in proportion to the square of 
e voltage at the motor terminals, and the apparent torque effici- 
icy directly proportional to the voltage at the motor terminals; 
at is, is a very inefficient and unsatisfactory means of starting, 
id suitable by its simplicity only where no starting torque is 
quired, to limit the starting current. By the use of additional 
sistance in the armature or secondary in starting, torque can be 
•odneed, as seen, with the same current, power factor and 
rque efficiencies as correspond to the same torque when running. 
In Fig. 13, representing the effect of reactance in the secondary 
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circuit, the torque, current, etc., are shown for positive values or 
reactive coils, as well as negative values or condensers. 

As seen, by the insertion of reactive coils in the secondary of 


CO < 

UJ > 
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the induction motor, the torque decreases rapidly, and the effect 
of secondary inductive reactance is practically identical with that 
of the insertion of reactance in the primary circuit, that is, the 
use of inductive reactance in the armature, or the secondary is of 
no practical value. 
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maximum of 30,200 synchronous watts and 530 amperes at _.58 

ohms additional capacity reactance, that is, 3.00 times the maximum 
torque available with armature resistance, at 4.22 times the cur¬ 
rent corresponding' thereto. At this point the power factor is 
that is, the current in phase with the impressed e. m. f. 
On one side of this point the current leads, on the other it lags. 
Torque efficiency, however, and apparent torque efficiency with 
the use of capacity in the secondary are very low, the torque 
efficiency in the whole range being about 50#, while by the use 
of resistance in the armature a torque efficiency considerably 
above 90# is reached. That means, capacity in the secondary, 
outside of the general inconvenience of the condenser, is far in¬ 
ferior in starting, to the use of non-inductive resistance, except 
in-so-far as the maximum available torque is far larger. Rut the 
current corresponding to this torque is far beyond the carrying 
capacity of the motor, and where such an excessive torque should 
be required, it could much more efficiently, that is, with a rela¬ 
tively lesser expenditure of current, be secured by varying the 
voltage impressed upon the motor by means of a potential re¬ 
gulator or transformer of variable ratio of transformation. By 
such a potential regulator the starting torque of the motor can 
be changed in any desired manner without a change of torque 
efficiency, etc., that is, the current input at primary side of the 
potential regulator will vary proportional to the torque developed 
by the motor. 

S 3. Regulation, and Stability, —In the preceding, the load 
curves and speed curves of the polyphase induction motor, that 
is, the dependence of the electrical and mechanical features upon 
the output and the speed, have been discussed under the assump¬ 
tion of constant voltage at the motor terminals. 

In practice, however, this condition is usually only approxim¬ 
ately fulfilled. In general, the voltage in any alternating current 
system is maintained constant, or approximately so, at the centre 
ol: distribution or at the primary terminals of the transformers. 
Thus, between the motor terminals and the point of constant 
voltage of the system, a certain impedance exists in the circuit. 

If now, as it is reasonable to expect, the distribution voltage, 
ratio of transformation, etc., are chosen so as to bring the rated 
voltage at full load at the motor terminals, at light load the 
voltage at the motor will he high, and thus the exciting current 
greater than at the rated voltage. Inversely at overload the volt- 
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age at the motor terminals will drop below the rated voltage, and 
thus the maximum torque and the maximum output of the motor 
be decreased in proportion to the square of the reduced voltage, 
that is, the more, the greater the impedance of lines, transform¬ 
ers, etc., is. 

Thus, when operated under these conditions of practice, the 
induction motor does not give the same margin of overload as 
when operated at constant impressed voltage. 



This at once shows the desirability of designing the induction 
notor with sufficiently large margin of overload, and the neees- 
ity of choosing the supply circuit, and especially the transform- 
rs, of as low impedance as possible. 
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As nil instance are shown, in Figs. 14 and 15, the load curves 
of the motor discussed in the preceding, of the constants: 

r 0 - .01 + .1$, 

Z = A — .2$, 

rated at 5,000 watts per circuit full load, corresponding to 59 
amperes at 110 volts impressed, when operated : 

1) At constant impressed voltage of 110 volts. (Fig. 8.) 

Operated from transformers of 2$ resistance drop and 4c; 
internal reactance, that is, transformers representing about the 
best make on the market, of very close regulation. (Fig. 14.) 

X) Operated from transformers of 2$ resistance drop and 15;; 
internal reactance, or about the average type of cheap transform¬ 
ers, at constant primary voltage corresponding to 110 volts at 
full load at the motor terminals. (Fig. 15.) 

In these cases, the impedance interposed between motor and 
point of constant voltage is: 

Z = .04 — .08 y, with best regulating transformers. 

Z = .04 — .by, with transformers of poor regulation. 

In Figs. 14 and 15, the load curves of the motor, the limits of 
speed and torque curve at constant voltage of 110 are plotted 
also, showing that the maximum output is reduced under these 
conditions from 7,000 watts per circuit to 0,450 and 5,780 watts, 
respectively, and the maximum torque from 8,250 synchronous 
watts to 7,500 and 0,400, respectively. 

That is, even with the best make of transformers inserted in 
the circuit, at constant voltage at their primaries and rated voltage 
at the motor terminals at full load, the margin of overload power 
is reduced from 40$ to 29;;, or by 11$ in the instance chosen 
here, and the margin of overload torque from 55.5$ to 41.5$, or 
by 14$, while an inferior type of transformers, of poor regula¬ 
tion, reduces the margin of power to 15.0$ and the margin of 
torque to 22$, that is more than twice as much as transformers 
of close regulation. In consequence thereof, with transformers 
of poor regulation the motor is at full load already dangerously 
near the maximum output point, although at constant impressed 
voltage it has ample margin to carry any reasonable overload. 

Still greater is the decrease of voltage, and thus of torque, in 
starting, especially with low resistance armature, due to the large 
currents consumed under these circumstances. With an armature 
containing a variable resistance of sufficient size, limiting the 
starting current, the starting torque is less affected by the trans- 



8TEINMBTZ oJSf 1ND1 C1 


7IION MOTORS. 


2 Iff 


► 7 -] 

riner. Thus, with short-circuited armature, in the motor 
osen as instance, the starting torque and starting voltage drop 
Mn 2,950 synchronous watts at 110 volts to 2, ; I2<> synchronous 
Ltts at 99.5 volts with good transformers, and only l,iV.U syn- 
ronous watts at 82 volte with poor transformers^while the 
Lrting current is correspondingly decease, horn 1 »•» .uiqH k s 
139 and 131 amperes, respectively, hut the exciting eurrent, or 



I'm. 15.—Induction Motor. TjouiI Curves. V .01 -j- .1 /. / , i 

erated from transformers of impedance, Z .01 — ,:t /, ill imir-tant primary 
.ential of 121 volts corresponding to 110 volts til motor lermimtl- hi 500.) 
tts load. 


rrent, when running light, increased from 10.7 to 1 1 and 1 1.15 
lperes, respectively, due to the increase of voltage at light loud. 
In consequence thereof, the characteristic constant, which is 
proximately equal to starting current divided by current at; 
mdstill, is increased from li.l'f at constant impressed voltagf* 
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to 6.9$ with good, and 8.75$ with poor transformer, with the 
result that the motor becomes inferior in every respect in cor¬ 
respondence with the increase of the characteristic constant as 
discussed in the preceding. For instance, the exciting current 
rises from 17.4$ to 20 and 24.7$ of the current at § maximum 
torque. 

If in the installation of the motor the mistake is made not to 
allow for the drop of voltage taking place even in the best trans¬ 
formers on inductive load, but the ratio of transformation is 
chosen so as to give the rated motor voltage at the secondary 

terminals of the transformers at open circuit, output and torque 
of the motor are still further reduced, and even with the best- 
transformers the margin of overload is only 19.4$ in power and 
31$ in torque, while with transformers of poor regulation no 
margin of torque is left, and the motor cannot carry full load 
any more. That is, at constant primary voltage corresponding 
to the rated motor voltage at open circuit at the secondary ter¬ 
minals, the motor can be operated successfully only with the best 
type of transformers. This fundamental importance of trans¬ 
former and line impedance on the operation of the induction 
motor has frequently been overlooked. It is, however, analogous 
to the dropping of torque and output of a continuous current 
motor, if the impressed voltage drops. 

The curves are calculated thus: 

Let at slip s the current in the motor = v at the impressed 
. m. f. <3, and the angle of lag = <p. It, is then the apparent jm- 
pedance of the motor, in absolute value: 


* - e 
•'"III - "J 

9 

or in compress expression : 

/) , 

An = - (COS f — j sill f). 

If 

Z — T - j X 

equals the impedance of the transformer, etc., the total im¬ 
pedance of the system of motor, transformer, etc., is : 

Z 1 = (V + 6 - cos <P) —j (a? + ~ sin 

or, absolute: 

2 1 = \/(r -|- “. cos <pY -|- (x -j- j sin <pY\ 

% % 
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Till load, it is: 


e = e 


0? 


i 


■ i 

0 5 




: o‘ ■- (r + cos <p„y -f (x + e -E sin (f 0 )\ 

*o K 

: o’ So 1 = 'to V 7 (r -f e T cos <p o y + (a: -f e .T sin <p)\ 


istant primary impressed voltage of the system; thus, if 
s and voltage e 0 the current i = ? 0 , the motor imped- 


— — ? 
to 

3 voltage at the motor terminals: 



3 motor current has to he changed in the proportion : 
e 

To' . 

tor output and torque in the proportion: 
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Discussion. 

The President: —We are greatly indebted to Mr. Steinmetz 
for giving ns these very definite and complete figures. The in¬ 
duction motor is a new piece of electric mechanism, and data, 
particularly such data as this, concerning it, are very valuable. lie 
not only considers the ordinary type of motor, but also, the effect 
on the efficiency, torque, speed, etc., when the various factors 
such as resistance, impedance, etc., are exaggerated. The paper 
is open for discussion. 

Peof. Elihu Thomson : — Mr. Steinmetz has given a vast 
amount of study to the problem of induction motors. I can sav 
that he has done a good thing in giving the results of the work 
to the world, so that it may serve as a guide to others working 
oh this general subject. The paper is full of material which re¬ 
quires a good deal of time and study to discuss, and I look forward 
to the time when in these other promised papers we shall see the 
rest of the matter presented. The subject is likely to be an 
exhaustless one, as the number of changes which can be rung 
upon this type of apparatus and similar types is almost endless. 
I simply call attention to what seems to me quite an interesting 
matter, which would be of course naturally expected, that is 
comparing Fig. 3 with Fig. 9, one machine run as a motor simply, 
and the other as an induction generator; we see the speed curves 
are almost the exact counterpart reflected upward, while the other 
curves are very much the same, and the breakdown line is marked 
in very much the same way, by a re-curving backward at a cer¬ 
tain elevation above, and below in the other instance. Ho doubt 
further inspection of these very interesting curves would discover 
other analogies between the work of the different motors and 
under the different conditions. 

The President :—The use of an induction motor as a genera¬ 
tor is a very interesting subject, about which there is not very 
much information now available. Mr. Steinmetz simply con¬ 
siders it incidentally in order to complete the scope of his in¬ 
vestigations. The stability of their action is very peculiar, and 
he does not specify the exact conditions, but indicates them. I 
hope that point will be more fully covered in future papers. 

Peof. W. E. Ctoldsboeough :—It seems to me that one of the 
most interesting points which the paper brings out is the great 
exactness with which a piece of apparatus can be designed. The 
curves which are shown in this paper, especially those of Figs. 
1 and 2 are particularly valuable to us, in view of the fact that 
they indicate that a piece of electrical apparatus can be designed 
with as great, if not greater, accuracy than can any other kind of 
machinery. The points fall upon the curves with great exactness, 
and if I understand Mr. Steinmetz aright, the curves were 
figured out before the machine was operated. I do not know of 
any other case where the accuracy of the calculations made pre¬ 
vious to the test of the machine has been anything like as marked 
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as in the case we have before us, and this agreement between 
theory and practice seems to be something that is worthy of being 
em phasized. 

Dr. A. K. Ejenuelly: —I think this paper is both interesting 
and important. It shows that the quantitative behavior of the 
induction motor depends on two vector quantities; so that, when 
these vectors are known, all the behavior of the motor can be 
predicated. 

I am desirous of clearing up two points in the paper that seem 
to be open to misapprehension. On page 198 it is stated that 
the characteristic features of the motor depend merely upon its 
admittance and impedance. But unless otherwise defined, the 
admittance and impedance of a motor or any conducting circuit 
should be mutually reciprocal quantities, whereas this admittance 
and impedance are not apparently so connected, and it appears, 
in fact, that the impedance is exclusive of the mutual inductance 
of the machine, while the admittance includes it. It seems im¬ 
portant to have this distinction pointed out. 

As regards the term u torque-efficiency,” the definition given 
in words on page 190, seems to be excellent and one much needed: 
namely, the ratio of the torque which a motor develops at a given 
intake, to the torque it would develop if it had no losses of energy. 
The symbolic definition for the torque efficiency on page 189, I 
do not understand, because it is expressed as a ratio of a torque 
to a power. It is true that torque and power have the same 
dimensional formula in our existing system of dimensions, but, 
we are accustomed to define an efficiency as the ratio of two 
quantities of the same nature, and not of two quantities of different 
natures. I think Mr. Steinmetz will assist us by clearing up this 
point. 

Dr. F. A. C. Perrine: —I do not know whether I misunder¬ 
stood Mr. Steinmetz or not, in reference to Fig. 13, page 211. 
If I did not, I cannot see how his statement agrees with the figure. 
It is stated that in spite of the fact that by the introduction of 
capacity the torque was tremendously increased, at the same time 
the torque efficiency was so largely decreased, that the effect of 
capacity was rather harmful than beneficial, and that instead of 
introducing capacity in order to get a high torque we should raise 
the voltage. The apparent torque efficiency certainly has a max¬ 
imum coincident with the maximum of torque where the capacity 
reactance is introduced, though the torque efficiency is somewhat 
lowered. But I fail to see how the difference is so great as to 
warrant the statement that it would be better to increase the 
electromotive force in order to get the high current necessary to 
give the great torque, than to introduce the capacity to get that 
torque. 

Then in reference to Figs. 1 and 2, as Prof. Goldsborough says, 
they are of tremendous importance, as showing how close our 
calculations can come to simple experimental results. At the 
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same time I do not understand from the paper how many of the 
inirial points in these various curves are necessary to assume be¬ 
fore the method of calculation can be applied and the curves 
drawn. For if initial points must be assumed for all these curves, 
then that means simply that the form of the curve is shown by 
the equation, but it does not show that a predetermination of the 
characteristics of such a machine may be obtained. From a com¬ 
parison of Figs. 3 and 9 it is apparent that only the initial value 
of the current curve is assumed in these various calculations; but 
it is not at all clear that it is not necessary to assume more than 
the initial values of the other curves as well, and the equations 
simply give the forms of the curves. Those are points of diffi¬ 
culty to me that I would be glad if Mr. jSteinmetz would give me 
further light on. 


Mu. Charles P. Steinmetz:— Referring first to the effect of 
capacity inserted in the secondary of an induction motor, on page 
21 U curve is shown giving the effect of various values of capac¬ 
ity introduced into the secondary, without any additional resis¬ 
tance. From this curve it follows that the maximum value of 
apparent torque efficiency is reached at the maximum point of 
torque, that is at the point of complete resonance. Put this 
maximum value of apparent torque efficiency is only 51 per cent. 
and on either side of this point the apparent torque efficiency 
falls off very rapidly. Looking now on the preceding page, the 
curve of apparent torque efficiency produced by various values of 
non-inductive resistance inserted into the induction motor secon¬ 
dary, we see that the value is beyond 80 per cent, over a very 
large, range, and hardly anywhere, except very near the short- 
circuit point, drops below 80 per cent. This means that we can 
get a very large torque indeed by capacity, but at the expense of 
a still larger current, while by means of non-inductive resistance, 
and by raising the impressed voltage, we can get the same large 
torque with much less current. The best value of capacity is 
indeed the value giving perfect resonance, but even at that value 
the apparent torque efficiency is far below the values available 
by the use of non-inductive resistance. 

. Whffi regard to the assumptions made in calculating the curves 
given in the paper, as stated therein, these curves are calculated 
from the values of impedance and admittance, both vector 
quantities. No further assumptions have been made, neither the 
initial point of the curve nor any other point. Obviously the 
initial point of the induction motor curve and of the induction 
generator curve are the same, since they are identical, represent¬ 
ing the point of synchronism. These values of impedance and 
admittance from which the curves in the paper are calculated, 
may either be taken from tests made on the motor, or they are 
calculated beforehand in the same way as electrical data are gen¬ 
erally calculated. The methods of calculation obviously belong 
m the field of electrical design and thus are outside of the scope 
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of this paper. T may say, however, that these values, and there¬ 
from the induction motor curves, can be calculated with perfect 
accuracy, and in fact have to be calculated very accurately, since 
obviously in larger motorsjt is generally not possible to change 
them after the motor has been built, and thus they have to be 
calculated correctly before the motor is built. 

The formula for torque efficiency and apparent torque efficiency, 

p and -Q, is apparently the ratio of a torque over a power. How¬ 
ever, in discussing torque of a motor, the same difficulty appears 
already which has led me to the introduction of the terms u torque 
efficiency ” and “ apparent torque efficiency.” The value of 
torque in pounds at one foot radius has obviously no meaning 
whatever in regard to the electrical features of the motor, since 
a motor giving only half the torque of another motor but being 
designed for twice the speed of operation is obviously just as 
efficient regarding the torque produced by it, or inversely, a 
motor with a larger torque when designed for lower speed of 
operation may be inferior in stiuting efficiency to a motor of 
same capacity of lesser starting torque but higher running speed. 
That means torque, and more particularly starting torque can be 
compared only with reference to the speed for which the motor 
is designed. Since in the discussion of the paper no assumptions 
are made with reference to the number of poles and the frequency 
of the motor, that is to its speed, the torque in pounds at one 
foot radius cannot be calculated at all without these assumptions, 
but only the product of the torque into synchronous speed, which 
gives a direct criterion of the starting effect of the motor. 

It is this value which I have introduced into the paper as T 
and spoken of as torque. It is the torque, but with a multiplier 
depending upon the construction of the individual motor and 
its frequency, and this multiplier is its synchronous speed. Tims 
T is in reality a power, and is given in watts and represents thus 
the power which the torque of the motor would develop at syn¬ 
chronous speed. Hence the name synchronous watts. This I 
believe will make the apparent discrepancy in the paper disappear. 

The terms admittance and impedance introduced in the paper 
need some further explanation I conceive, but have been left 
without it, since they have been used in the same meaning by me 
before, in the theory of induction motors and of transformers. 

Admittance, however, is usually spoken of as primary admit¬ 
tance and refers to the admittance of the primary circuit'only, at 
open secondary circuit. 

If an e. m. e. is impressed upon an induction motor or trans¬ 
former, a magnetic flux is produced thereby which is partly 
interlinked with the primary and secondary, partly interlinked 
only with the primary circuit, or only with the secon¬ 
dary circuit. The former is the flux of mutual induction, the 
latter the flux of self-induction. The effect of these two magnetic 
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fluxes is entirely different, and even opposite, and thus it is not 
well possible to investigate the action of an induction motor or 
transformer without separating these two fluxes or their corres¬ 
ponding e. m. f ? s. This separation is done in introducing two 
different quantities, the primary admittance and the impedance. 
The primary admittance refers to the flux of mutual induction 
only, that is, the magnetic flux produced by the primary and in¬ 
terlinked with the secondary; while the impedance, or more 
properly self-induction impedance, refers to the flux of self-induc¬ 
tion, or flux interlinked with one circuit only. 

Obviously the investigation could be carried through by using 
either only impedance or only admittance for both quantities, 
but here in the theory of the induction motor as of the trans¬ 
former, it is more convenient to represent mutual induction by 
an admittance, and self-induction by an impedance. 

The induction generator is a very important piece of apparatus, 
I believe. It is, however, somewhat restricted in its application, 
due to the necessity of having as load a circuit of leading current. 
But wherever the conditions are such that it can be used, as for 
operating synchronous motors or rotary converters, this type of 
machine has the great advantage of the absolute absence of con¬ 
tinuous current exciting circuits, collector rings, or any other parts 
requiring attention. The voltage is generated in a stationary 
structure and the revolving part is a solid structure of iron and 
copper bars. Furthermore, as soon as the circuit is opened or 
short-circuited, the power is gone and the machine dead, so that 
you get here a type of alternator requiring no attention whatever. 
Besides you can run it at different speeds and still get the same 
frequency out of it. 

There is another interesting feature noticeable when comparing 
the induction motor curves and the induction generator curves. 
The same machine as induction generator gives a considerably 
larger output electrically than as induction motor mechanically. 
In a future paper I shall dwell more particularly on the induction 
generator, and may mention here only that I have operated syn¬ 
chronous motors from an induction generator; and with the same 
voltage at the terminals of the induction generator, the mechan¬ 
ical output from the synchronous motor driven by the induction 
generator was larger than the maximum mechanical output which 
could be derived from the same induction machine as induction 
motor. 

With regard to the agreement of tests with calculation, the 
agreement in induction motors is usually much closer than it is in 
continuous current machinery, and when you look into it you 
will see the reason for it. In continuous current machinery the 
magnetic circuit is worked at or beyond the point of the magnetic 
characteristic where saturation begins, and thus the m. m. f. con¬ 
sumed in the iron part of the magnetic circuit is a noticeable part 
of the whole m. m. e. Flow it is not possible to predetermine the 
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3 characteristics of the material of a machine with abso- 
iracy, since even a test made on a test piece broken from 
ing of the very machine does not give correct results, 

. parts of the same casting differing from each other. In 
n motors, however, and transformers the iron is necessarily 
at a density below saturation, and thus the m. m. f. con- 
i the iron is very small. Hence the main source of dis- 
r between calculation and test in continuous current 
s, does not exist in induction motors. Obviously occasion- 
le discrepancy between test and calculation appears in 
n motors also. 

;rm admittance essentially depends upon the length of 
ap of the motor. The length of air-gap used in induction 
s very small, and thus a variation in the air-gap due to 
ition of mechanical construction is to a certain extent una- 
. Occasionally I have found a discrepancy between the 
d and observed value of impedance and especially its 
omponent, the effective resistance, that observed by the 
g larger than the ohmic resistance of the motor as derived 
dilation or measurement. In most cases of this nature 
een able to locate the discrepancy in eddy currents pro- 
mewliere in the mechanical structure, due to the prox- 
iron or other solid metal, and by removing it have seen 
surve drop back to the curves derived from calculation, 
primary admittance of motors with very small air-gap 
ly a certain variation must be allowed for the mechanical 
ility of getting the length of a very small air-gap exactly 
)therwise, however, you see that the problem of predeter- 
of induction motors is really more favorable for aceu- 
tioti than that of continuous current machines, 
sve this is all which lias come up in the discussion. 


allowing paper on a ‘‘New Form of Induction Coil” was 
sented by Prof. Elilni Thomson. 







A paper presented at the 14th General Meeting of 
the American Institute 0/ Electrical Engi¬ 
neers « Eliot , Me., July 2bth , ibQJ. 


A NEW FORM OF INDUCTION CO 11 


BY EI.IHU THOMSON, 


The induction coil presently to be described, it is believed con¬ 
stitutes a new type employing the principle of a “substitute 
primary” or “secondary primary,” which principle has been 
applied by me in a variety of ways. 

The prime object of this coil is to permit the direct, connection 
to circuits of considerable potential, for obtaining energy for the 
production of high potential discharges, like those of a RulnnkorfT 
coil for working Rontgen ray vacuum tubes, and for such like 
purposes. The object, also, was to avoid the employment of 
banks of lamps or storage batteries, and to limit, the energy con¬ 
sumed to only that amount, required to work the coil itself. 
Furthermore, no larger condensers than those ordinarily used 
with an induction coil of equal capacity are needed, and no air- 
blast, while the coil as a whole is still available as an ordinary 
Buhmkorff without change in its structure or connections. 

ho illustrate the principle, reference is made to Mg. 1, where 
pn represent connections to mains at, say, 110 volts difference of 
potential; 1 1 is an iron wire core around which are wound two 
coils, one over the other, either of which may, of course, be the 
primary. The inner coil i> in the figure is made the primary, and 
is wound with many turns of comparatively fine wire. For 110 
volts it may have some thousands of turns and be wound with a 
a wire safe for .5 to .75 ampere. The outside wire, s, may be 
coarse or fine. In the figure it is quite coarse and of relatively 
few turns, since it is assumed to give low potential and large cur¬ 
rent. The coil s is so proportioned as to be practically almost 
short-circuited at intervals by its load at b, which is three cells of 

225 



THOMSON ON INDUCTION COILS. 


[July 26, 


220 


storage battery in series, for example. The object is assumed to 
be that the batteries are charged by transference of energy from 
coil e to s at low potential in s. The coil s should have ample 
copper so as to lower its internal resistance as much as possible; 
the resistance of the cells n should be low; and the average vol¬ 
tage of discharge of s much superior to the counter k. m. f. of n. 
Two synchronously revolving break-pieces, k, f, which may, in 
fact, be combined into one, are used ; k is for governing the in¬ 
tervals of passage of current in coil v and connection of condenser 
c across the break or interruption periodically made between one 
terminal of r by a brush <; and a metallic segment on k occupying 
a considerable arc on its periphery. Brush n connects to main w. 
Back of the main segment on k is a small condenser segment in 
continuous connection with one side or foil of the condenser, and 
the other side is connected to the other terminal of n, or that 



leading direct from line />, The contact maker and breaker f 
has a segment which is in continuous connection with one termi¬ 
nal of battery n to be charged, and which touches a stationary 
brush -i, at; or about, the time of the break between brush a on the 
main segment of k. The battery n may have terminals by which 
it may furnish current while being charged. 

Now let the break-wheels k and f be given rapid revolution, 
say, lo, 20 or bo per second. The contact of brushes u and n 
with the main segment of k passes current for a certain con¬ 
siderable fraction of the revolution, at full line potential of 110 
volts, through primary i\ The current rises gradually during 
this period, and may at the end attain a value of one ampere, 
more or less. With slow revolution it would be limited by the 
resistance of r chiefly; but at rapid rates, the time constant of r 
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-> Peaking. Upon the break of brush a with the main seg- 
*■ touches the condenser segment which is thereby put 
l ie break, but the circuit of s is also closed by contact of 
t on f with brush j. The condenser receives only a small 
c>n account of the circuit of s having been closed. In 
- break at a with main segment of e would be nearly 
5S without the condenser c, but what slight self-induction 
iped out by the mutual induction of the currents in s and 
y easily taken care of. 

magnetizing of the core 11 , or absorption of energy is by 
delivery of energy is by s acting as if nearly on a closed 
This condition, however, does not involve much waste 
Cy if the ohmic resistance of the circuit of s be low enough, 
len, is a transfer of energy from one circuit to another 
Le currents are direct currents in each circuit. To insure 
ig the case in s, the time of contact of segment on f with 
must he selected so as not to permit any reversal, <?., 

■ k of said segment with k must be timed to be made on 
ition of the first impulse or discharge from s. To do this 
©ter, responding to direct currents only, placed in the bat- 
; uit, or in the leads from s, will indicate a maximum 
xrrent when the segment f is of proper extent, and less 
:lier conditions. 

the principles of the above apparatus in mind, it is easy 
■stand the action of my new form of induction coil, which 
described, briefly, as follows. The iron core i, Fig. 2, of 
otion coil, is wound with the ordinary coarse primary coi} 
linals provided therefor. Then a coil of intermediate 
etween the inner primary and the outer secondary, is 
It is to lie capable of being connected across a circuit of 
s as with coil p, Fig. 1. This coil is the true primary or 
c0 ^) but f° r convenience and saving of wire I 
> connect it in as the under portion of the real secondary 
It thus becomes useful as a part of the secondary itself 
ng several thousand turns, adds a considerable fraction 
tal potential of the secondary. The secondary is, as 
quite fine wire of many thousands of turns, well insu- 
■oughout. 

"• 2, the coarse coil is marked sp, and the intermediate 
while that outside is marked s. The functions of the 
and p s are to act as secondaries and primaries alternately. 
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This is. in fact, an essential function of s p, 


but is only incidental 


to coil ps ? having been connected into the secondary circuit s 
whose terminals are at t t. The break-wheels e f are like those 


of Fig. 1, except that in f there is a much shorter main segment 
and a condenser segment following, as in e. There is no battery 
in the circuit of s p, but it is put on dead short-circuit at intervals 
just at the time rs is broken. Coil ps receives current from 


line at p n, at LOO to 200 volts, or more. (On the break of this 
circuit at brush a the ampere turns, so to speak, are shifted sud¬ 
denly into circuit of s r, closed on itself by ,j f. The consequence 
is that even at slow breaks no spark occurs at the rupture of o e. 
As soon as the current has been fully established in sp on short- 


circuit, and after brush q has got entirely away from all metallic 


t t 



P a 

Fig. 2 


connections on e, the main segment of f breaks the circuit of sp 
which is conveying a very heavy current at low potential. The 
condenser o is put instantly across the break, and the spark flies 
between terminals it. In this way a coil of the size of a six inch 
Ruhmkorff, gives a torrent of six inch sparks with an average 
current from a 110-volt line of about one-half an ampere. A 
simple motor or clock-work may he used to drive the break- 
wheels e f which are made of fair diameter to insure accuracy in 
operation. The best results are only to be obtained when the 
proportioning of the parts is carefully done, and with a know¬ 
ledge of the result to he obtained. 

The discharges are indistinguishable from those of a similar 
Ruhmkorff. In fact, the coil described might be used with the 
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same condenser c as an ordinary Ruhmkorff coil energized by 
batteries. In this case the terminals of the coil section p s are 
disconnected, brush j lifted, and battery inserted between brush 
g and terminal of sp, which goes to j in Fig. 2. The break- 
wheel, e or p, when run with low potentials may be immersed in 
water in the usual way to facilitate sharp breaks, but the appa¬ 
ratus bas been very successfully run, at full output, dry, or a little 
heavy oil on the break suffices. Also, the flux of current in s r 
may be made by a magnet to break its own circuit under water 
when tbe current has risen to a predetermined amount. In other 
words, it may be provided with the usual automatic break, 
damped or adjusted not to get into tremulous vibration. It will 
be seen from the above description that a new way of energizing 
an induction coil, or other transforming apparatus, has been em¬ 
bodied and that it consists in the rapid substitution of secondary 
and primary functions in the coil sp. 
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i ) I SC U SSI ON. 

Du. A. E. Ivknnkllv: — 1 think that this is an ingenious de¬ 
vice and by giving my interpretation of its use, T may, perhaps, 
not only show some of its advantages over other forms, but also 
elicit Prof. Thomson's criticisms, in case I fail to describe the 
a p pa 1 *at \ \ s a< lei| uate 1 y. 

When you excite the primary winding of an induction coil 
through an interrupter or revolving contact-breaker from a 110- 
volt circuit, it is difficult to break the circuit at the interrupter 
promptly and to avoid a vicious spark. If, however, you use a 
coarse-wire primary winding and a, storage battery or low-tension 
source of excitation, the sparks and breaks are much less 
troublesome. 

Prof. Thomson says: 1 want to use a 110-volt primary ex¬ 
citing circuit, for convenience, and yet obviate the difficulty of 
breaking the arc at the interrupter. I do this by short-circuiting 
an intermediate coarse-wire coil just before each'interruption, and 
1 thus start a powerful low-tension current in the intermediate 
coil with the energy which would give rise to the primary spark., 
Now the primary current can be interrupted without difficulty. 
As soon as it is safely broken, I break the powerful current in 
the intermediate circuit;, just as though it were obtained from a 
low-tension source and obtain all the effects in the secondary 
circuit due to a low-tension excitation. 

Prof. Thomson:. If there are no further remarks I would say 

that J)r. Kennedy is quite right. He lias put the ease exactly 
as I would have had it put. The use of 110 volts in working 
the induction coil has required hitherto a very high-speed break, 
and only moderate currents flowing in the coils, in which case 
there is a tendency to get in the secondary, alternating discharges 
or discharges very similar to high-frequency discharges, positive 
and negative. Put in this case the tendency is to a unidirectional 
discharge as in the ordinary Ruhmkorlf. At the same time I 
should have said that the working of the break-piece in this case 
is substantially without spark, and can he worked without any 
such devices as air-blast and without working under water, ft 
can even he oiled while it is in operation and the effect is perfect. 
The objection to the arrangement of course is, that it involves 
the use of a revolving break-piece to put the circuits through 
these various paces; that is the connections must he made and 
broken in just a certain order and with just a certain relation to 
each other, that has to he determined beforehand and settled 
once for all. It is not of course as simple as a simple hammer 
break which opens a contact, but it is certainly more simple than 
a revolving break which has to have an air-blast or arrangement 
for continuously putting out the spark. Even then one gets a 
good deal of fire at the contacts. 

[Recess.) 
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Monday, July 20th, 1897. 

Evening Session. 

The formal opening exercises of the lltli General Meeting 
sre held in the “Eirenion” at 8.15 p. m. where the Institute was 
pen a hearty welcome by Miss Sarah J. Farmer, and her re- 
esentative, Dr. George F. Barker in the following words :•— 
Miss Farmer: —Mr. President, members of the Institute and 
lies. The loving-kindness which you have shown in coming 
ns, participating in our conference and assisting in our loan 
hibit touches me deeply. I feel more than I can. express to 
u, and I have asked my father’s friend who loved him, and 
tom my father loved, Dr. George F. Barker of the University 
^Pennsylvania to speak the greetings for me to-night. 

Db. Barker:—I have greatly enjoyed, ladies and gentlemen, the 
nosphere of Greenacre in the few hours that I have spent here, 
t there seems to me to be in this atmosphere an element that is 
culiar. I have no physical reason for believing that ideas are 
xed in the atmosphere as material substances are, but I imagine 
3 y are. At all events I find myself to-night inclined to think 
it there is a peculiar atmosphere here which I have not seen 
t down in the programme. I feel as though I had been 
pnotized, and I am not sure but that it is so, for the hypnotists 
1 us that the power of a stronger mind over a weaker, forces 
3 weaker to do whatsoever the stronger commands. Those of 
a who have been here these past weeks, and those of you 
lo have been here during the past years know well what I 
ian. A mind which can organize such an institution as you find 
t*e, a mind which can bring all these people together, full 
ideas to give and to receive from each other, is a stronger 
nd, and I am delighted myself to be put hypnotically under 
3 influence of sucli a stronger mind as I am sure we all agree 
it Miss Farmer is. I justify my remarks then by simply saying 
it I am speaking for her and when I offer word’s of welcome I 
it under hypnotic influence. 

We all have some ideas about a future state, about immortality; 
t howsoever we differ in regard to what that actually means, 

' all agree in this, that in some respects the immortality of this 
3 is quite as important and quite as powerful as the immortality 
the future life. 

He who does for his generation that which is worthy of being 
ne; he who improves the condition of his fellow men; lie who hi¬ 
nts for their benefit; he who discovers that they may live better 
d be better, is sure of a present immortality. JSTow to what am 
tsked to welcome the American Institute of Electrical 
ig-ineers? To this atmosphere, an atmosphere sacred to the 
smory of Moses G. Farmer. It might be to this beautiful 
ice, it might be to all the attractions which are here, it might 
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l>e to all the delightful people whom we are to meet, but those 
are as nothing in comparison with the magnificent atmosphere 
of the doings of Mr. Farmer, which they will find here and 
which they are to breathe. We can breathe in an inspiration as 
we can the atmosphere, and none of us who have been here 
and paid our homage to the memory of that great man will fail 
to go away from here feeling that the inspiration of a great name 
has been more to us than all else which is here besides. 


Miss Farmer has been kind enough to say that she has asked me 
to speak to you to-night because I knew her father sowell and ad¬ 
mired him so much. I feel as though I were in a special sense in 
his presence, when 1 see here upon this platform these two delight¬ 
ful portraits. I am especially glad that Mrs. Farmer's portrait lias 
been put here too, for I know so well the service which she 
rendered him in all the work which he did, and 1 feel that 
among all the blessings which God has given to man there is 
none better than a faithful and true wife. 

My first meeting with Mr. Farmer was many years ago, more 
perhaps than some of us who are getting along*in years like to 
recall. There is one point in which our science at the present 
day seems to me to be quite deficient. There still is maintained 
an alliance in the case of two of the sciences, between which I am 
sure a divorce ought to be decreed, and that is the alliance be¬ 
tween the sciences of astronomy and physiology. I see no 
reason physiologically why we should get older in proportion to 
the number of times that the earth goes around the sun. It was 
in 1852 while 1 was an apprentice in a philosophical instrument 
store in Boston that I first met Moses G. Farmer. I was sent to 
carry some apparatus which he had bought. I went to the fire 
alarm room in Court Square with this apparatus, and he at once 
received me very kindly and asked me if I knew what he was 
about. Well, I had a general idea, but knew nothing in detail; 
and he, busy as he was, took the opportunity of explaining to me 
the system of fire alarm telegraph which he was then arranging in 
Boston. We became firm friends. lie called me Fred to the day 
of his death, and that is one of my most cherished memories. We 
all understand what this fire alarm system was, so that I will speak 
of it only in the personal connection. You will remember the 
system was designed to call out the districts on the alarm bells of the 
city, this information being sent to the central office by the simple 
operation of turning a crank on the axis of which there were pro¬ 
jections, these projections indicating by a letter or number where 
the fire was. It was here that he began his work, and it was here 
that he carried it through. Moreover it was during the work that 
he did in that fire alarm office that he made use of a magneto- 
electric machine driven by water power for the purpose of send¬ 
ing out the alarm. , After that he moved his laboratory to Sudbury 
Street, and being in Boston about that time in connection with the 
Harvard Medical School, I used to spend a great deal of time in 
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this laboratory. It was there that he developed the system of in¬ 
candescent lighting which has been so frequently referred to. I 
remember this apparatus very well. That tangent galvanometer 
which we see in the loan exhibit was one of the pieces of appara¬ 
tus which he there employed. I went in there one day and he 
said, u look here.” He took a little piece of platinum plate and 
cut a strip from it. He measured very carefully with a microm¬ 
eter the length, breadth and thickness of the strip. Then by 
means of a formula he had worked out, he calculated the amount 
of current it was necessary to send through that strip in order to 
bring it to its melting point. He put the strip in circuit, turned 
the current on, and increased it until the point was reached on 
the tangent galvanometer giving that current, and the platinum 
became incandescent. He then said I will show you the correct¬ 
ness of my formula. He increased the current one degree and 
the platinum melted. It was in connection with this arrange¬ 
ment that he devised the movable rheostat by which if the cur¬ 
rent varied, the rheostat took care of it and threw in resistance 
• so that the platinum lamp should not receive too much current; 
a clear anticipation of the first devices made use of when the 
platinum lamps came into more extensive use. I have in my 
possession too, some of the bars of a thermo-battery which he 
made at that time, the metals being an alloy of antimony and 
zinc combined with a copper strip. In regard to the dynamo 
machine which has been referred to, we all remember that the 
principle is that of self-excitation. You cannot put a piece of 
iron in any position whatever, without its being to some ex¬ 
tent a magnet. The instruments which had been used for 
generating currents hitherto, utilized permanent steel magnets. 
His idea was that any piece of iron is more or less a magnet, and 
if you happen to put that piece of iron in the direction of the 
magnetic needle, it is more strongly a magnet. He said there 
is magnetism enough in every piece of iron for us to use it. Sup¬ 
pose we move a coil of wire near that bar, that coil of wire in 
consequence of that motion has a small current induced in it. 
Suppose I send that current around the bar; that will magnetize 
the bar and that will then generate more current, and so on until 
the maximum is reached. There are three methods by which this 
was done, and Mr. Farmer’s, as Mr. Wilde has told us, and as the 
Proceedings of the Philosophical Society of Manchester clearly 
proved, antedates both Wheatstone’s and Siemens’. So all the 
time we see that this man was working quietly, piling up note¬ 
book after note-book and never publishing, though he was 
repeatedly urged to publish. There is a line sometimes 
drawn between those who discover, and those who apply the 
discoveries of others to useful purposes; between the man of 
science, so-called, and the inventor. How to a very large extent 
Mr. Farmer’s utilizations were Mr. Farmer’s discoveries. I re¬ 
member very well in 1863 there was a, wonderful exhibition 
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for that time of ail electric light upon the evening of the 4th of 
July on the Boston State House. Prof. William B. Rogers had 
charge of the exhibition, and a very large Bunsen battery was 
placed in the dome, and wires were led up, and this liglit was 
shown at the same time with the fireworks on Boston Common. 
There was somebody else up there beside Prof. Rogers and his 
assistants, and that man was Mr. Farmer. They wanted to make a 
display, they wanted to show an electric liglit, larger than anv that 
had been seen up to that time. Mr. Farmer liad no such'idea. 
He wanted to do what had not been done in the world be¬ 
fore and what has not been done, possibly with one excep¬ 
tion, since. He wanted to determine how much energy, how 
many horse-power it required to produce that light, and out, of 
the data which he obtained in those experiments in the dome 
of the Boston State House, on that night of the 4th of July, 18(13, 
came the mechanical equivalent of light. lie then proved that 
to support the light (not the heat, but the light) of one candle 
required the expenditure of 13.1 foot pounds per minute. Some 
time after that, Prof. Thomsen of Copenhagen, undertook from 
similar data to get this result, and the two results were very closely 
accordant. (Now this fact shows two things, and those are 
the only two things I want to say; first," that most of the 
matter that is in Mr. Farmer’s note-hooks is matter which 
was new to science at that time. He was therefore a great 
scientific discoverer. I urged him and others urged him to 
publish, but that innate modesty of his prevented him from 
doing so, and consequently many of those things which were 
in his note-books are now known in the form of practical 
outcome obtained by others. I maintain that those note-hooks 
contain discoveries that should be credited to him. Secondly, 
lie was also a great inventor, and the inventions which he 
made, you have evidence of in the fragmentary exhibit here, 
which, while it is a very fine exhibit, is far short of what it might 
have been had we been able to collect all Mr. Farmer’s inven¬ 
tions and put them over there. Now, mav 1 not say, in view of 
this hasty resume that I have given, that this atmosphere is an 
atmosphere to which it is well worth while to invite the American 
Institute of Electrical Engineers, and may I not say that the 
atmosphere iri which Mr. Farmer lived and worked, is an atmos¬ 
phere where the members of the American Institute oe Elec¬ 
trical Engineers cannot but receive an inspiration and an im¬ 
pulse. If I am right in this conclusion, then I have to return into 
my hypnotic state and to extend, in behalf of Miss Farmer and 
all the friends here who are conducting this splendid enterprise 
—to extend to my friend the President, Hr. Crocker, and 
through him to the members of the Institute, a most hearty 
welcome to this hallowed spot. [Applause. 

Prof. Crocker:— Mr. Chairman, ladies and gentlemen—It is 
a matter of great satisfaction that the Institute is able to do some 
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: lionor to our late honorary member, Moses G. Farmer. He 
ssented wliat I consider to be the idea lelectrical engineer, be- 
3 he combined the two branches of that subject, the theoretical 
the practical. Hr. Barker has just pointed out that most of 
?ork was done on the borderland between what we call pure 
ics and applied electricity. It would seem as if this com- 
‘ion of the two was most perfect and that either alone, with- 
;he other, is incomplete. The electrical engineer could not 
pure scientist, and while the latter might be a member of 
Jody he would not represent the title in the most perfect 
ner. But in Prof. Farmer we have an ideal example of that 
balanced combination of pure science and useful application, 
■efore we can do full homage to him, and the Institute will 
vs cherish, I feel sure, not only his name but also it will be 
ited by the example which he set to its members, 
taking up the subject of the evening, “ The Precision of 
trical Engineeringit occurred to me as Dr. Barker was 
ring, that Prof. Farmer’s mind had that very exactness which 
i going to attempt to bring out. On several occasions his 
ds have spoken of the exact measurements which Prof, 
ler employed in his work, and Dr. Barker has just cited a 
in which Prof. Farmer was able to predict the exact amount 
irrent required to fuse a certain piece of platinum. It is 
very precision, that very power of prediction, that I claim 
>ur profession, and it seems therefore especially appropriate 
I should now attempt to set forth this accuracy which diar¬ 
ized Prof. Farmer’s work. The subject is obviously not a 
lar one. Nevertheless it is, I think, of general interest and 
lopular mind, as well as the scientific, is never tired of hear- 
>f the wonderful achievements of electricity. It is a fascinat- 
ubject which never seems to lose its charm, and therefore 
)e that some of the points will interest those present who are 
electricians, although this address was of course prepared 
the professional point of view, I may also state that I have 
>een able to do justice to the subject or to the occasion, owing 
>or health during the last few months; but this theme is 
iwerful in itself that it simply requires to be started and it 
carry itself along. 


■esident Crocker then gave his address as follows: 
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THE PRECISION OF ELECTRICAL ENGINEERING.. 


BY FRANCIS B. CROCKER. 


There still exists quite a general idea that electricity is so im¬ 
perfectly understood that its laws and actions are little more than 
matters of chance or guesswork. The experience of the electrical 
engineer is supposed to consist of a series of surprises and shocks 
to his mind as well as to his body. This notion is not confined 
to the ignorant, but is believed by many educated persons, even 
including our brother civil and mechanical engineers; indeed, 
some members of our own profession hear this opinion expressed 
so often that they partly accept it as true, or at least they have 
no ready arguments with which to refute it. 

The existence of this popular error concerning electricity is 
perfectly natural, and arises from the novelty of the subject and 
the fact that its development has been so great and so rapid that 
no one but a few specialists has been able to keep pace with it. 

The subtlety, extreme rapidity of action, and the astonishing 
achievements of this modern agency make it appear most myster¬ 
ious and occult in comparison with the ordinary forms of energy, 
such as heat and mechanical power. Possessing such transcen¬ 
dental powers, it is looked upon as something not only unknown, 
but unknowable, an irresponsible power for great good, or great 
evil. This idea has sometimes been the cause of actual harm to 
the progress of electrical engineering. The profession has been 
considered to be hardly legitimate, those who practised it being 
regarded as either wizards or charlatans, or a combination of the 
two. During the present year, the president of a large steam 
railroad system, on which electric propulsion is being tried, 
publicly expressed his opinion that electrical engineers know 
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little or nothing of their subject. In legal decisions in this 
country and abroad, judges have stated that electricity was so 
vaguely understood, that testimony concerning it was of no 
practical value. 

It has also been held by many courts, that electricity being in¬ 
tangible, has no real existence, so that the tapping of current 
from the wires could hardly be considered as a theft, except in 
an imaginary sort of a wa} T . The production of electrical energy 
in central stations has been decided by metaphysically inclined 
judges to be a totally different kind of business from the manu¬ 
facture of gas. In point of fact, the differences are all in favor 
of the practical character of electricity. More useful operations 
can be performed by it; it can be more easily transmitted and 
distributed; the percentage of leakage is less, and its measure¬ 
ment is far more convenient and accurate. 

The idea that “ no one knows what electricity is, therefore we 
know practically nothing about it, 13 is often expressed by those 
who want to excuse their own ignorance of the subject. They 
are glad to think that they are no more worse off in this respect 
than the rest of the world. Their deduction is quite natural, but 
is absolutely fallacious. While we must admit that we do not 
know the real nature of electricity, the same limitation of knowl¬ 
edge applies to all other fundamental facts. Gravitation is the 
most familiar of natural phenomena, yet we have no conception 
whatever of what it actually is. Our theories and mental 
pictures of the nature of electricity are much more definite than 
those concerning gravitation. In regard to the latter, little prog¬ 
ress has been made since the time of Newton, while electrical 
knowledge has advanced and is now advancing with giant strides. 
There is every reason to believe that we shall “ know what elec¬ 
tricity is 53 and be able to explain the inherent mechanism by 
which electrical actions take place, before we understand how and 
why a stone is drawn to the earth. What we do know, however, 
are the laws of both electricity and gravitation, as well as the 
results that they produce, and it is very doubtful if our ability to 
control, measuie and utilize these agencies would be improved 
even if we understood their exact nature. The laws and applica¬ 
tions of hydraulics would be just as definite and successful even 
though the fact were not known, that water is composed of two 
atoms of hydrogen and one of oxygen. It is possible that methods 
of generating electricity may be advanced when its real character 
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is discovered, but it is not likely tliat this knowledge will greatly 
affect the methods of handling and using it. 

The popular ignorance and doubt concerning electricity is 
rapidly disappearing in consequence of the remarkable results 
accomplished by it during the last ten or fifteen years, but it will 
not be out ol place, I think, to consider at this time the remark¬ 
able exactness which electrical engineering has reached. A dis¬ 
cussion of this question may serve to inform laymen who are not 
familiar with the facts, and may also be a matter of interest and 
satisfaction to ourselves. This profession has only very recently 
gained for itself a position of independence and equality among 
the blanches of engineering, but it can now fairly claim to be an 
example for the others to follow, not only in the magnitude and 
lapidity of its results, but also in the exactness and certainty of its 
methods. Let us consider what are the principal facts upon which 
this strong claim it based. 

t names connected with electrical science: —Gilbert, Frank¬ 
lin, Faraday, Ampere, Maxwell, Henry, Helmholtz, Kelvin, and 
a long list of other distinguished electricians, are not men whose 
ideas are vague or incorrect. Indeed, it is a significant fact that 
the ablest and most profound scientific men have been attracted 

by, and have performed some of their best work in the study of 
electricity. 

The rapid progress of electrical science and its applications is 
an absolute proof of sure and exact knowledge. Uncertainty 
woAd necessarily cause delay, and error would involve repeated 
trials before success could be reached. The fact that the difficult 
arts of long-distance transmission of power, and electric traction 
have been developed to their present state of importance and 
success in about ten years, shows conclusively that electrical 
theories and designs agree very closely with the actual facts. 

The great results accomplished by electrical engineering is 
probably its strongest claim. Many of these are so unique and 
astonishing that we still regard them with wonder even after we 
have become familiar with them. Among the most striking of these 
examples aie the locating of faults on submarine cables, telephon¬ 
ing a thousand miles or more, transmitting power over one hund¬ 
red miles, sending simultaneously a number of messages on the 
same wire, utilizing the power of Niagara, and producing the 
Kontgen ray. These and hundreds of other wonderful feats are 
not accomplished by chance, or by groping in the dark. 
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The close relationship between pure and applied electrical 
science is still another proof of the exactness and truth of both. 
If knowledge were complete, theory and practice would become 
identical. The agreement between theoretical and practical elec¬ 
tricity is largely due to the small losses which occur in elec¬ 
trical apparatus and processes. Even quantities which correspond 
to friction in mechanics, such as electrical resistance and magnetic 
hysteresis, are capable of exact calculation. It is only the purely 
non-electrical factors, such as the friction of bearings and air 
resistance, that are uncertain in designing electrical machinery. 
The almost infinite rapidity of electrical action makes the time 
element so small that it can nearly always be neglected. 
This greatly simplifies calculations and renders their results 
more accurate. The fact that there is only one kind or quality 
of electricity also gives definiteness to our ideas and calculations. 
With coal we must know its quality, including both its physical 
and chemical properties, in order to make even approximate cal¬ 
culations concerning it. In the case of steam, pressure and 
volume are not sufficient data; the amount of moisture or super¬ 
heating must also be known. The most accurate methods of the 
physicist are not any too good for, nor beyond the reach of the 
electrical engineer, and they are often employed by him. A notable 
example of this is Lord Kelvin’s work in connection with laying 
the Atlantic cable, which was undertaken at about the same time 
that he began to publish his essays on the vortex theory of matter. 
When Werner Siemens first built his self-exciting dynamos, he 
also constructed the sensitive galvanometers, used in the researches 
of his friend Helmholtz. It was Siemens, the electrical engineer, 
who gave his money and influence to the Reiehsanstalt, an insti¬ 
tution where the most accurate physical work is now beino* 
carried on. b 

A historical example of the agreement between electrical 
theory and fact is the brilliant work of Ampere, who gave to 
the world a beautiful and complete theory of electro-magnetism 
within a few days after he heard of its discovery by Oersted 
The work of Maxwell is another great example of the power of 
the intellect to deal with electrical problems. 

Hertz said, in regard to Maxwell’s electro-magnetic theory of 
ight: 4 It is impossible to study this wonderful theory without 

feeling as if the mathematical equations had an independent life 

and an intelligence of their own; as if they were wiser than our- 
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selves, indeed, wiser than their discoverer; as if they gave forth 
more than he had put into them. And this is not altogether im¬ 
possible ; it may happen when the equations prove to be more 
correct than their discoverer could with certainty have known. 55 

It can hardly be admitted that there is anything in Maxwell’s 
equations that he did not put into them, but the remarkable ex¬ 
perimental corroboration of Maxwell’s theories many years after 
they were evolved, shows that from a few fundamental truths al¬ 
most the whole theory of electricity may be deduced. 

This power to solve problems successfully by a priori reason¬ 
ing demonstrates the perfection of electrical science. We can 
arrive at the facts by reasoning out what they ought to be; hence 
we may say that electrical science is ideal. In other branches of 
applied science, as for example in civil engineering, the correc¬ 
tions, factors of safety and other allowances are often much 
greater than the original quantity itself. In such cases it is 
obviously impossible to go very far from an experimental fact, by 
any process of reasoning. The errors would immediately become 

so magnified that the truth would be greatly distorted or lost 
entirely. 

To take a concrete example, the losses in transforming elec¬ 
trical energy are only two or three per cent., and if an error of 
ten per cent, is made in calculating these losses, the actual error 
is only two- or three-tenths of one per cent. It would, therefore, 
be possible to design a system in which electrical energy was 
transformed many times, and yet the final error would only be 
one 01 two per cent. If, on the other hand, the losses in mechan¬ 
ical engineering are ten or twenty per cent., or even fifty per 
cent., as is often the case, an error of ten per cent, in calculating 
these quantities would soon become multiplied to a large figure.^ 
Exactness in electrical units and terms is another strong point 
of electiical engineering, because definiteness in terms and ideas 
go hand in hand. The system of electrical units is complete and 
scientific, being based directly upon the c. G-. s. system, and is the 
only example of a set of units which are universally adopted. 
The metric system is not in use in the United States, Great Britain 
and her possessions and many other countries, but the same elec¬ 
trical units are accepted by all nations. This avoids the great 
confusion which arises from the use of several different units for 
the same thing, as is the case in steam engineering, in which at 
least four different heat units are commonly employed. 
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In electrical engineering the distinction between the various 
quantities are usually more clearly understood, as for example 
the difference between force, work and power. In other branches 
these quantities were often confused, and the fact that mistakes 
of this kind are not more often made at present, is largely due to 
tlie influence of electrical engineering in the accurate use of 
terms. The useful word torque has been introduced through 
electrical engineering although it is a purely mechanical quantity. 
The adoption of such terms as impedance and reactance gives a 

nicety of expression which is rarely found in other applied sci¬ 
ences. 


The facility and accuracy of electrical measurements contrib¬ 
utes greatly to the precision of electrical engineering. Volts 
and amperes can be easily, quickly and accurately measured by 
means of convenient portable instruments. The product of these 
volts and amperes gives the watts or power which is the most im¬ 
portant quantity. 


If desired, a single instrument—the wattmeter—can be used to 
combine the two quantities. Electrical resistance can also be 
measured easily and quickly, and with still greater accuracy. 
Even the less common electrical quantities, such as capacity and 
inductance, can be measured without much difficulty and with 
reasonable exactness. The magnetic quantities are also quite 
easily and correctly determined. As already stated, the most 
doubtful factors iu electrical engineering are the mechanical ones. 

lhe enormous range in electrical engineering is still another 
proof of its precision. The same laws and principles which 
app y to the almost infinitesimal galvanometer current are 
equally applicable to the current from an electric light station. 
The former may be only a hundred billionth of an ampere and 
die latter readies ten_ thousand amperes, which is a thousand 
million million (lO 1 ") times greater. 

An even greater ratio than this represents the range of resistance 

towithroooom i the Ca ? ° f krge C ° Pper bar8 ’ a dete ™i"taion 
o withm .000001 ohm is often required, and for insulation testing 

10,000 megohms is not an unusually high figure. This gives a 

range of measurement of ten thousand million million (10«V 

is use/ r tnCal 1DStr ! ime 1 nt > the bolometer of Professor Langley, 

electncitv ^ fr0m the fixed stars, and 

" t0 be ““ Instead of 
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tricifcy is selected for these extreme uses, it would be more cor¬ 
rect to state that it must be employed, just as it is the only means 
of transmitting speech a thousand miles, or performing the many 
other miracles of which it alone is capable. 

The directness and high efficiency with which electrical energy 
can be converted into other forms is another fact which gives 
exactness to our work. It can be transformed into heat, liVht 
magnetic, mechanical or chemical energy, by the simplest means, 
and conversely, the latter forms, with the possible exception of 
light, can be readily changed into electrical energy. In most 
eases the conversion is almost perfect, the efficiency of an electric 
motor or dynamo being usually over 90 per cent, and often 93 or 
94 pei cent. The chemical energy in a storage battery represents 
nearly 90 per cent, of the watt-hours applied to it, assuming the 
losses in charging and discharging to be about equal. The storage 
of magnetic energy may be effected at an even higher efficiency 
of 97 or 98 per cent, and the conversion of electrical energy into 
heat is complete, the efficiency of an electric stove actually reach¬ 
ing the ideal figure of 100 per cent. The production of light 
cannot be accomplished so economically, nevertheless the arc 
amp has a far higher efficiency than any other artificial source of 
light, although it is usually stated to be only 8 or 10 per cent. 

It is also more than probable that the long-sought-for high effici¬ 
ency lamp will be an electric one when it is finally invented. 

us facility and economy of transformation puts electricity di¬ 
rectly in touch with the other sciences and their applications, 
avoi ing the chances for error which round-about processes neces- 
sari y involve. Hone of the other forms of energy possesses any¬ 
thing like the same convertibility. The one serious difficulty in 
connection with electricity is the fact that its generation requires 
a boiler, engine and dynamo, bringing in heat and mechanical 
power as steps in the process. If this complication could be 
avoided, and electrical energy produced directly from the cliem- 
ica energy of the coal, the only limitation would be removed, 
line has already been done in an experimental way, and by the 
substitution of water-power for steam, one piece of apparatus and 
one foim of energy are eliminated, but the complete independence 

itlfwll?f eDgine ; rin 5 and the Nation of all of its possibil- 
ties will be secured when the direct conversion of fuel energy 

into electrical energy is accomplished practically 
It has been shown that there are no less than eight substantial 
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grounds upon which the precision of electrical engineering is 
based. The consideration of these has incidentally brought out 
several concrete examples, but it will be well to cite a few other 
special instances which demonstrate electrical exactness. 

The one which first claims our attention not only on account of 
its historical precedence, but also from its wonder-compelling re¬ 
sults, is the locating of faults in ocean cables. In this connection 
I quote from information kindly furnished me by one of the 
vice-presidents of the Institute, Dr. A. E. Iiennelly, who has 
had a long and successful experience in this branch of the pro¬ 
fession. He states that “ In the case of cable coiled in a tank and 
which has been taken into the tank over a measuring drum with¬ 
out being subjected to airy considerable tension, the precision 
with which a fault in the gutta percha can be located is some¬ 
times very considerable. I have known one or two cases in 
which a fault has oecured in a length of say thirty miles of cable 
immersed in water and maintained at practically one temperature 
in the tank, and in which, by means of the Varley loop test re¬ 
peated many times and under various conditions to eliminate 


constant errors, the electrical position of the fault has been de¬ 
termined to within a probable error, representing about twenty 
feet of length. On turning the cable over from one tank to an¬ 
other by a seven foot drum on which the cable makes three turns 
and cutting the cable when the computed distance has been run 
over, the fault has been found on the drum, that is, in the sixty 
feet or so of cable then lying on the drum.” 


a 


As regards the location of faults in submarine cables on the 
ocean bed, the precision depends upon a variety of circumstances, 
and in general 1S necessarily much lower than in the case of a 
cable coiled m a tank. The average error in practice, or the dif- 

tZZ b , et 7£ * T Ue 6lectrical and Com P ut ed positions, is 
2“ Mteen ° hmS ’ ° r ab ° Ut ° ne mi!e arid a half of cable 

favorahW “T™ reS1StanCe of ten oh ‘»s per mile. Under 

Mr JwTT 1068 a C ° rap,ete break a cable developing a 
fair extent of surface exposure to the sea water at the end of die 

copper conductor, the electrical nn«iti™ „ , , , . , e 

five ohms in a * Ju , P° sltlon can be determined within 

fZ Z f u ? 0nductor ’’^stance of 1,000 ohms. In the 
case of a fault in the insulator, sufficiently serious to interfere 

with signalling, specially favorable cases wid occur inXh the 

be fr ined to within ° ne 

loop test is obtainable and when the total conductor 
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resistance of the loop does not exceed 3,000 ohms.” “ I have 
known a case of total loss of continuity in the conductor, accorn- 
pame y perfect insulation. It occurred in lifting a cable for 
repairs and was within half a mile of the ship. A measurement 
of electrostatic e * P , a , ci ^ enabIed the distance to be determined 
un a few yards Other cases are given by Dr. Kennedy, 
many may e ound in various works and journals, but these 
are sufficient to show the astonishing results that are possible, as 
well as those that are obtained in regular practice. 

le methods employed in locating faults in underground con- 
are qui e similar to those used for submarine cables, but 
he results are less striking and important. Mr. William Maver 
Jr who is an authority on this subject, cites a case in which the 
culated position of a fault was 2,343 feet from the testing end 
o an underground cable 4,200 feet long. The defect was found 
. a the exact point indicated. The alternative would have been 
the tearing up of the street and cutting through a heavy iron 
pipe un i t le fault was found, as the conduit was not provided 

niu trZ ii 68 ' • v Way t0 l0Cate " gTOUnd connecti0I b which 
illustrates the simplicity and certainty of electrical testing, con- 

Sists in sending a current through the conductor to the ground 

irongh the fault m the insulation.^ A compass carried along over 

a e wi indicate by its deflection or non-deflection when the 

au t is reached The facility of overcoming distances and ob- 

es impassable to other agencies is characteristic of electricity 
and magnetism. • J 

o^:,:T has h ; d ,:: cca6ion to test tbe resistan ° e ^ position 
m , ^ giounds ) on a very large system of underground 

conductors for electric lighting. Although the problem was 

extended 6 ^ f 16 -i faCt - that ** W3S a three ' wire astern which 

extended several miles, it was found possible to determine the 

sulation lesistance of each of the three conductors. The posi¬ 
tion of a ‘ ground ” is shown by the poten tial difference between 
the conductor and the earth, being a minimum at that point 
Tor example, if a ground connection exists on the positivenire 
and a considerable current flows through it into the earth, the 
potential of the earth at that point will be raised above its normal 
va ue. The potential difference existing between the wire and 
the earth is actually less near the ground connection. Zl may 
be measured from the station by using the “ pressure wires ” 
ordinarily laid with the feeders, and special wires which connect 
to the ground at various points of the system. 
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The paper on “The Alternating Current Induction Motor, 55 
presented by Yiee-President Charles P. Steimnetz at this meeting 
of the Institute, affords an excellent example of the marvelous 
precision of electrical engineering. In Figs. 1 and 2, two curves 
are shown which give the efficiencj 7 , speed, power-factor and 
other characteristics of a three-phase induction motor under 
various conditions. These curves were all predetermined by 
calculation. In the same figures the results obtained by actual 
test are also marked by small crosses. The agreement in all cases 
. is so close that curves plotted from the actual results of tests 
would practically coincide with those predicted by calculation. 
This is all the more remarkable when it is remembered that the 
three-phase motor is one of the newest of electrical machines, 
and is a difficult problem from a theoretical standpoint. It has 
long been possible in designing direct current machinery to pre¬ 
determine the results with almost as great accuracy as that shown , 
in the curves of Mr. Steinmetz, but of course that is a much 
older problem. Nevertheless, the predetermination of results in 
direct current machinery is fully as difficult as in the case of al¬ 
ternating current apparatus, because permeability is the most 
doubtful factor in such calculations and is especially so at the 
high flux densities used in the former. It is to be observed, 
however, that any error in the permeability data can be corrected 
by increasing or decreasing the ampere-turns on the field magnet. 
This is easily accomplished by providing five or ten per cent, 
gieater m. m. f. than the calculations require, which may be re¬ 
duced, if necessary, by the introduction of resistance. Since the 
energy used for the field is a very small percentage of the total 
amount, it may be considerably varied without materially affect¬ 
ing the other factors in the machine. Sparking at the commu¬ 
tator brushes is an additional and by no means simple question 
which confronts the designer of direct current apparatus. I re¬ 
member, however, being informed by Mr. Gano S. Dunn several 
years ago that he had found by experience in many cases that the 
efficiency of a direct current dynamo or motor can be predeter¬ 
mined from the drawings before the machine is built, within a 
fraction of one per cent.; in fact, he relied more upon his calcula¬ 
tions than upon an actual test of the completed machine, even 
when performed by skilled men. In one case the calculated effi¬ 
ciency was 93 per cent, and the result obtained by test was 92.7 
per cent., and in another case the total flux was found to be 1.38 
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per cent, greater than the computed value. This agreement is 
somewhat closer than is found in every day practice, but is not 
accidental and can usually be approximated by careful work. 

*W"e naturally suppose ourselves to be familiar with mechanical 
energy and heat, but as soon as we convert these well known 
forms of energy into that extremely subtle and mysterious agent 
—electricity—it immediately becomes far more definite and con¬ 
venient to control, measure, transmit and utilize. In becoming 
intangible, it forthwith acts as the most reliable and matter-of-fact 
tool in the hands of those familiar with it. For example, the 
quickest, neatest and most exact method of making a test of 
mechanical friction, or the power required in any given case is 
by the use of an electric motor. In this way, for example, we 
can deteimine the friction of different bearings or lubricating oils 
under various conditions of pressure and speed, or the power 
consumed by fans, pumps and other machines. 

Quite a striking example of the possibilities of electrical 
measurement is the determination of the e. m. f. of a dynamo 
machine without running it, which I saw successfully carried out 
more than ten years ago. All that is necessary is to measure the 
torque exerted by the machine with a given current in its arma¬ 
ture. This may be accomplished by simply clamping a stick of 
wood to the pulley and weighing the pull at a given radius by 
means of a spring balance. If the same machine were run as a 
dynamo and had no losses, it follows that 

EI _ 2 nr 8 P 


whence 


746 


E = 


33,000 
r S P 


7.04 r 

m which r is the radius at which the pull is measnred, is the 
speed in revolutions per minute at which the dynamo is to be run 
. is the pull m pounds at the given radius and A is the current 
in amperes. The field strength is supposed to remain the same. 
1 his method is correct whatever the efficiency of the machine 
may be. Ihe electrical and magnetic losses due to the P R e f- 
ectm armature field current, eddy currents and hysteresis do 

frictiofof h 8 P T f V6n the mechanical losse s rising from 

frict onof bearings brushes, etc, may be eliminated by measur- 

actual e nnll h P 8 fTt then minU8 the friction > ^ 
p ein g one-half the sum of these two results. The 
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effect of friction may also be gotten rid of by tapp 1 ^^ t 
when the measurement is made. It certainly strikes o O ^ as 
that e..m. f., which depends upon cutting lines of 
determined while the machine is standing still. 

. ln elec ti'o-chemistry and electro-metallurgy quantify; 
tions are particularly precise. The ampere"being- d< 3 t ixxe< 
current which deposits .001118 grammes of silver p© r s© c< 
weight of any other substance is by Faraday’s laws pr 0p < 
simply to its chemical equivalent. This definition eKmi lia 
error in passing from the electrical to the chemical data 
versa. The volt is also defined electro-chemically in ter-m, 
e. m. f. of a Clark cell. 

The author presented before the Institute, in :Mm.y ; 
paper on “The Possibilities and limitations of Cbenileal 
ators of Electricity,” > in which the weights of materials, ; 
and other data were given for various voltaic combinations. 

. the Jjf nre8 were obtained by experiment and some by c 
ie P a P er also gives the e. m. f. produced by cotnbii 
o thirteen of the most important metals with chlorine, bi 
and mdine, respectively. The average difference bet we 
calculated and tested values was less than one-ten tlx of 
ven this small error is practically eliminated when tlx© • 
are corrected by the equation of Helmholtz, that is, by £ 


„ --iJ-cmmuHZj max; 18, Ojy 

the quantity ± T d J^, in which Th the absolute temp 


and ^is the e. m. f. of the cell. Since the weights of xxx 
iberated or consumed by a given current in a given time 
definitely predetermined and the voltage due to a certain e 
combination can also be accurately calculated, almost any -r 
m electro-chemistry or electro-metallurgy is susceptible o 

1 ea f 1 - y and co™ctly solved. That branch of electr 
istry and metallurgy which employs, electrical heating- me. 
also very definite, the exact amount of heat in gramme 

pro uced per second by an electric current being always gi 

the simple expression, .24 J 2 E, or .24 El. -x &» 

In support of the proposition advanced in the title 
address, I am able to produce most interesting personal test 
Mr. Edison and Mr. Tesla have independently expressed 
their opinion that electrical knowledge had become so © 
and jreneral that almost anyone c ould apply it, and com oar; 
1 . TPtX t XTO 1 /-mv 177 " '---—_** 


1. Transactions, vol . v., p. 227. 
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little opportunity was left for invention. They believed that 
chemistry and thermodynamics were far more uncertain and 
therefore offered a much better field for improvement. These 
views were expressed several years ago, and subsequent events 
have shown that they contain a great deal of truth. It is a fact 
that electrical engineering has advanced along the lines laid down 
by these and other great inventors, and it is also true that much 
of the work has been done by the rank and file of the profession. 
The trails blazed by the pioneers have since become broad high¬ 
ways with many branching roads, built for the most part by 
common workmen. On the other hand, the discovery of the 
Rontgen ray has since been made; and both of these investigators 
have given much valuable time to it. It would seem, therefore, 
that the electrical principles and laws of to-day are true for all 
time, and afford a firm foundation for unlimited future progress, 
but that there are also many additional facts yet to be discovered 
that are well worthy of the efforts of the greatest genius. 

In conclusion, the following quotation from the preface of 
Maxwell’s great work on Electricity and Magnetism is appro¬ 
priate. “ The important applications of electro-magnetism to 
telegraphy have also reacted on pure science by giving a com¬ 
mercial value to accurate electrical measurements, and by afford¬ 
ing to electricians the use of apparatus on a scale which greatly 
transcends that of an ordinary laboratory. The consequences of 
this demand for electrical knowledge and of these experimental 
opportunities for acquiring it, have been already very great, both 
m stimulating the energies of advanced electricians and in diffus¬ 
ing among practical men a degree of accurate knowledge which 
is likely to conduce to the general scientific progress of the whole 
engineering profession.” 

These words were written in 1873, and yet they show strong 
confidence in the accuracy of electrical methods and full appre¬ 
ciation of the close relationship between electrical science and 
engineering, as well as their beneficial effects upon each other- 
At that time the telegraph was the only practical application of 

electricity. What language would express Maxwell’s wonder if he 
were alive to-day! 
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[Communicated After Adjournment By Dr. A. Macfarl.vnk. 

[See p. 168 et seq for paper and discussion.] 

. 1 regret that I was unable to be present at the (ienerai Meet- 
mg of the Institute, but I am glad to have an opportunity of 
stating by correspondence the reply which I would have made to 
the points which were advanced in the discussion. First of all I 
Wish to thank Mr. StoinmpfT: and TV I/onnollrr 4.1,„ a* _ n’j 


3. 

th^ltef 10 ?^ th - e pap + er y hicI 3 M , r - Steinmetz attacks may be 
thus stated. If the investigation in the paper is correct then the 

current doctrine about the field and limits of algebra is incorrect. 

In order to state impartially the current doctrine, I took the very 

concise statement of it given by Mr. Steinmetz in his work on 

Alternating Current Phenomena.” It may be well to rmot« 

mS Pl ’ in fulh “Vf startin §' from the absolute integral 
numbeis of experience, by the two conditions, h 

«he? r P S^^ ««— * 

Jrositivc and negative numbers 
Integral numbers and fractions’ 

-Rational and irrational numbers, 

within the ran^e of aWn™ no G operation. liras 

/v p i . & gooia no xuither extension of flip Qvnfhm 

of numbers is necessary or oofwihlp ^ , s J btem 

is, a-Ljb, where a and h .»?? ’• * tP most general number 
or negative, rational or irrational ” (p 40A ^ fraCtions ’ P ositive 

vie^of the m e e minen? maEatiC \ at the <*ove is the 

holds that “it is obvious Sf rlT 8 ° f T deru . tiraes * but he 
mistaken,” while I hold that cann ?t possibly have been 

d Tr ites a*y W teisr ga,,on in "» W~ 

Steinmete This reply I u iph-ts a th ninS hj m l ans of which Mr. 

ors to show that the hyperbolic ° Urr f nt theor y, and endear- 
algebraie quantity. To simnlifv +} 1 f ^ P 5 X ^antity is not an 
accept the definition of anhwh e . ( I uestl0n . ln dispute, we may 
and admit the whde he 

assumes, and on this ~ f = 0 & He 

this equation can be satisfied by finiteValues' 8 f wh ° le i matter ’ that 
they are equal. But as * andt/ are the r! f * 2 nd l P rovided 
complex quantity, i, is impale for them? 
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are finite quantities; in other words sinh <p is necessarily less than 
c osh <p. The hyperbolic complex quantities considered in the 

paper (p. 164) are — a + Va 2 — l and — a — iV — l) the 
quantity under the radical sign is necessarily less than the other, 
ihe expression a? — y % means the square of the modulus of the 
hyperbolic complex quantity, and as * and y cannot be equal for 
any finite value, the equation x~ — if — (3 can only be satisfied 
by both x and y being 0. In the case of the hyperbolic complex 
quantity, the two terms are at right angles to one another, and 
the vanishing of the modulus involves the vanishing of both 
terms for the same reason as in the case of the circular complex 
quantit y. For the hyperbolic complex quantity the modulus 

r = Vx? — if and the hyperbolic angle <p is such that tanh <p 
yjx. Let using Kennelly’s angle notation, one hyperbolic 
complex quantity be denoted by r jjp and another be denoted by 

//al fhen the product is r r l /jp precisely after the manner 

of the ordinary (circular) complex quantity. If the product 
vanishes and r does not, than r 1 must vanish, and it can vanish 
only by x and y l each vanishing. Hence the hyperbolic com¬ 
plex quantity is an algebraic quantity according to Steimnetz’s 
own definition of such a quantity. 

The investigation in the paper shows that the hyperbolic eom- 
plex quantity is precisely analog'ue to the ordinary (circular) 
complex quantity * and for any theorem in circular trigonome¬ 
trical analysis, there is a corresponding one in hyperbolic trigon¬ 
ometrical analysis. If* the former is algebra, how is it possible 
that the latter cannot be algebra '( 

If my paper demonstrates anything, it demonstrates that the 
accepted theory of the quadratic equation requires to be improved 
in the way of extension j and one may reason that since the eminent 
mathematicians of modern times have not seen the comnlete 
theory of the quadratic equation, it is quite possible that they 
may have been mistaken about the held and bounds of algebra. 
Ihe view of the quadratic equation which was held by the 
mathematicians of less modern times, was that if the quantity 
under the radical sign was positive, the solution was possible, but 
it it was negative, the solution was impossible. This is the true 
and complete theory, when the unknown quantity x is a linear 
quantity. However, when a is a quantity in a plane, the roots 
are possible, whether the quantity under the radical sign is negative 
^b . , . case, we have the circular complex 

a , n< ^ in ^ ie ^ a ^ er th e hyperbolic complex quantity. The 
act that the real roots are also capable of representation in the 
p ane, is the part of the theory which has been missed by analysts 
and is advanced for the first time in my paper. 

For instance consider the quadratic equation 

a ? — 5 x -4- 6 = 0. 

If x is a linear quantify, it is either 3 or 2 ; but if it is a planar 
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quantity it is either f + i or I — h w ^ ere the is the absissa 
and -J is the ordinate of an equilateral hyperbola. I may men¬ 
tion that since the paper was read before the Institute, I have 
applied this theory of the quadratic equation to the solution of 
the cubic equation, and have contributed the results to the Tor¬ 
onto meeting of the British Association. 

Dr. Kennedy states very clearly some of the results to which 
the investigation in the paper leads. He omits by inadvertence 
to mention that it is the projection on the vertical axis of the 
motion described, which represents the electrical phenomenon. 
As regards the scalar 4/—1, we shall see that there must be such, 
if we investigate the proper analytical expression for a hyperbolic 
complex quantity. Suppose that the two components are x and 
y; as y is at right angles to x , it must be affected by the vector 
P— 1 which may be deno ted as u sual by i; but as the modulus 

is V x l ~ y l instead of V x 2 + f it may be reduced to the lat¬ 
ter form by writing it V x 2 -f ( y)\ Hence the proper 

express ion f or the hyperbolic complex quantity is x i 4/™Iff y, 
Ihe 4/ — l here introduced is evidently scalar in nature. In 
my paper on the “ Principles of Elliptic and Hyperbolic Analy¬ 
sis?” I have advanced other reasons for believing in it. (p. 20). 

The mistake to which Dr. Perrine refers is very apt to be 
made by one who does not perceive that a vector and a complex 
quantity are not the same thing. The former is a directed line, 
the latter is an angle associated with a multiplier. It is an en¬ 
tire mistake to call a -[- bj a vector; its geometrical meaning is, 
an angle associated with a multiplier; and the product of two 
such quantities is another angle, which is the sum of the given 
angles, and a multiplier which is the product of the given multi¬ 
pliers. To say as do Dr. Perrine and Mr. Steinmetz that this 
product has no geometrical meaning is an entire mistake. When 
e multipliers are reduced to unity, the product expresses the 
xundamental theorem of circular trigonometry. Similarly the 
product of two hyperbolic complex quantities, when the multi¬ 
pliers are unity, expresses the fundamental theorem of hyperbolic 
tngonornetrical analysis. Of course the product of two vectors 
is an entirely different matter. 
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THE EFFECT OF HEAT OH INSULATING 

MATERIALS. 


BY PUTNAM A. 


BATES AND WALTER C. BARNES. 


A paper on^this subject was presented before the American 
Institute of Electrical Engineers on May 20,1896, 1 by Messrs. 
Sever, Monell and Perry. In the discussion which followed the 
results were questioned by several members, and Mr 0 F Scott 
cited some investigations of Mr. Skinner, who obtained curves 

W tv - , 7 Very . considera % from those shown in the paper. 8 

his left the subject in such an unsatisfactory condition that it 

was decided to make further tests with the object of reconciling 
the differences, or determining what the real facts are. 

In our investigations, more attention has been paid to the ac¬ 
tions winch take place when one kind of material is subjected to 
tests while the conditions are varied, rather than to a great num¬ 
ber of tests on different materials, under the same conditions. 

kind ? lm i b T deemed wise t0 conduct all the tests on one 

lt-° 77 ena ’ ^ bemg Safe t0 conclude from results previously 
obtained, that the action on it would be quite similar to that pro¬ 
duced on other samples. Therefore, the ordinary “ red fibre” in- 
suatmg material having the general appearance of thick red 
paper, has been selected. Its thickness is about .009 inch. 


The Apparatus. 


anrUwT 8 ^ 3 r d ! StinCt partS ’ viz: the device fo1 ' heating 
and that for testing the insulation resistance. The heating appa- 

atus consists of a single electric heater, having a radiating mdL 

of 47 square inches. This is nothing more than six resistance 


1. Transactions, vol. xiii, page 223. 

2. Ibid , page 237. 
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coils tightly packed with asbestos in a short sheet iron cylinder, 
whose lower end is open. The terminals come from the ends of 
this set of resistance coils through the bottom of the heater, and 
are then connected through a suitable switch to a 110-volt circuit. 
This heater is supported on three porcelain insulators, which rest 
on a slab of slate one and one-half inches thick and one foot square. 
The heater takes exactly four amperes of current when all other 
resistance is cut out of the circuit. 

Around the heater is placed an earthenware cylinder one foot 
high and nine inches in diameter. This provides an excellent method 
of keeping the heat in, and together with the electric heater se¬ 
cures perfect regulation of temperature. The terminals of this 
heating circuit are brought directly down and out from the heater 
through the base slab of slate to the terminals of a 110-volt light¬ 
ing ciicuit and are thus kept entirely separate from any other 
part of the testing apparatus. 

Resting on an asbestos collar and at a height of about 2 inches 
above, the heater, in the earthenware cylinder, is placed a cir- 
culai.iron plate inch thick, which is one terminal of the testing 
ciicuit itself, and is connected to one binding post of a Thomson 

high resistance galvanometer; a standard megohm being placed 
in series between the two. 


The insulating material to he tested is wrapped on an iron 
cylinder 3 inches m length and having an external diameter of 
. no inch, the insulation not quite reaching to the ends of the 
ey mder. . The insulation is then wound with hfo. 2(1 n & g bare 
copper wire. This winding makes the other terminal of the 
testing circmt, and is connected to the other post of the galvanom- 

I' 7 n - 7 ,nder ’ u P° n wlli ch the insulation is placed 
is en placed upright on the above mentioned iron plate. Thus 

it wdl be seen that the insulating material now separates the 

■ pper^ wire winding, as one terminal, from the iron cylinder 

nru7 ^ )° M 111 contact Wlt h the iron plate, as the other terminal, 
eading-m connections to these terminals pass through small 

eyIWer ' « 
ese holes m order to prevent any current from creenine- 

w,7 Z r wire *•-»*» 

the earthen™ ? f asb ® stos board are placed over the top of 

a large gCgkbf “ ^ * I,!S ^ 

The potential used in this circuit is 500 volts. A suitable 
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slraut, consisting of one or two turns of bare copper wire wound 

on each end of the sample of insulation, so situated that they 

would intercept and shunt past the galvanometer any current 

ending to leak along the surface of the insulation from the iron 

cylinder to the winding, that is, from one terminal to the other 

is used in order that a deflection of the galvanometer needle will 

be produced only when a current actually passes through the 
insulating material under test. 

In making the apparatus we have been very particular to 
eliminate all metals, with the exception of iron and copper thus 
avoiding any possibility of the volatilization of zinc, which was 
one of the points raised in regard to the previous tests. 1 

Th!s apparatus when complete works admirably, absolutely no 
difficulty being experienced with either the heating or the testing 

The questions that we have attempted to answer by this in¬ 
vestigation are four in number, viz.' 

1st. Does the presence of brass or other metals from which 
f mC “ a ' y ' ,e ;°“ e volatilized, in the apparatus in which the test 
8 aftect. the insulating material or its behavior? 

V T, ° ne , experimenter obtail1 an insulation resist- 
nce curve for fibre, whose minimum point is at about the same 

temperature as the maximum point of an insulation curve ob- 

“7 Similai ’ material b -I another experimenter? 

3d. What effect on fibre insulating material is produced when 

simikr to *-•» —- - 
insmla'tinT 1 ?!? ^i aCti0 “’ ° r “ tions ’ that take place when fibre 

200 0 ? 18 repeatedlj heat6d fr0 ” 20 de ^ rees C - to 

the Q rTsi !IT N °' } lT S been , approached iQ following manner: 
the r! i n ! in f latin ? material at the temperature of 
raised until 200 °’ ! bemg d ® ter “ med ’ the temperature is gradually 

“ a S f , “ - e d ’ When the test i8 d i scon tinued. The 
e taken for this rise was exactly hours. Resistance measure¬ 
ments are made at frequent intervals, and from these curve No 1 

ins " uti0 ” tested bei ”« 6 ' 5 8 «"* re ““ 

The position and shape of this curve agrees very closelv with 
the remits oM-ed b y M asrs . Monel! afd Pe^f It .It 
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experiment used a brass cylinder, but a confirmatory test with a 
brass cylinder was also made in our apparatus. This experiment, 
was deferred until the completion of all other experiments. 

Curve No. 2 thus obtained from a like sample of insulating 
material, thickness .0095 inch, area tested = 4.6 square inches, 
showed that the presence of brass in the apparatus does not affect 
the shape or position of the curve. 

In taking up question No. 2, it is intended to prove, by com¬ 
parative tests, that the position of the maxima and minima points 
of the resistance curves, depend upon the opportunity of escape 
given to the moisture originally contained in the specimen. 
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Curve No. S shows the results from a test on a sample of plain 
red fibre, thickness .009 inch, the area of insulation under test 
being 2.2 square inches. In this case five layers of No. 26 b. & s. 
bare copper wire were wound closely upon the fibre, the length 
of winding being only .8 inches. 

Curve No. 4 has been obtained from a test on a specimen cut 
from same sample wrapped with a sheet of thin malleable iron 
held firmly in place by a number of layers of tightly wound 
copper wire, thus approaching the conditions under which the 
experiments cited by Mr. Scott were made. The area covered 
by this iron wrapping is 6.75 square inches. This test conned 
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to ** tem P erature from that of the air 

00 a ’ f e Resistance being measured at frequent intervals 

wit l Z7 i vT i ? nd " the ab ° Ve conditions is almost identical 
with that published by Mr. Scott. 1 oa 



Fig. 2. 


It is clear from these two experiments that the position of the 
curve may be shifte d at pleasure by simply varying the oppor- 
1. Transactions, VolTxm, page 239. --~--- 
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tunity for the escape of the moisture originally contained in the 
insulating material. I hat is to say: if we wind our specimen 
with wire and only cover a small area, we find that the moisture 
has a much better chance of escape than if completely covered 
with an iron wrapping extending over a large area, and that the 
curve will actually take a position depending upon the rapidity 
of escape of the moisture. In the case of the wire-wound speci¬ 
men the moisture escaped not only through the interstices between 
the wires, but also, and to a much greater degree, from the ex 
posed ends which it reaches through the pores of the material • 
while with the iron-wrapped specimen the only chance of escape 
is from the exposed ends. Therefore, the greater the area 
covered, the longer will be the path traversed by the moisture 

. , * olei temperature will be 

required. 

Question No. 3. A new specimen of plain reel fibre .009 inch 
thick was wound with four layers of No. 26 b & s bare copper 
wire, the area covered being 4 square inches, and then subjected 
to the variations in temperature and exposure to moisture which 
are most likely to take place in dynamo electric machinery. 

nsu ating material when used in this way is subjected to re¬ 
peated heating and cooling, being kept at a moderately high 
temperature for varying lengths of time, also being exposed more 
or less to the moisture in the air. Therefore, the following eight 
tests have been made under conditions approximating the above 
8nci upon the above described. specimen. 

.1 I" b.b * eSe tets tLe tem P erature is gradually raised from 
flat of the am 20" 0., to SO" C„ at wide], temperature it is kept 

eonstamt for 3* lours. Tire time take., to raise the temperature 

Curve No. 5 has been obtained from the first heating The 
specimen was then allowed to stand unexposed to moisture for 

hom-s, at the end of which time a like test is made, giving 
curve No. 6. After a lapse of 24 hours, during which time the 
specimen was exposed to the atmosphere, which was very damn 

hefolTcu^N ' 7 aga “ gradua11 ^ raised “d kept constant as 

It will be seen by examination of these curves that the specimen 
alter exposure to moisture returns to its original condition. The 
method of exposing the specimen to moisture is to remove the 
glass globe from the apparatus and the asbestos covers from the top 
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Fig. 3. 
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of the earthenware cylinder, the specimen itself being undisturbed. 
Three days, (72 hours) having elapsed, the specimen being un¬ 
disturbed and unexposed to the atmosphere, is subjected to further 
test, giving curve No. 8. 

Great care is now taken to protect the specimen from all mois¬ 
ture for 16 hours; at the end of which time, upon again testing, 
curve No. 9 is obtained. The test consisted, as before, in raising 
the temperature to 80° C., where it was kept constant for three 
and one-half hours. 

All covering is now removed and the specimen allowed to cool 
to 23.3° C., the time occupied being three and three-quarter hours. 
Curve No. 10 is then obtained upon reheating. 

Again great care is taken to protect the specimen from disturb¬ 
ance and all moisture for nineteen hours. On' being again sub¬ 
jected to test, curve No. 11 results. 

Now the specimen is allowed to stand for exactly five days 
freely exposed to the moisture of the atmosphere, it being situ¬ 
ated in a room near a window which is left open a considerable 
portion of the time, thus subjecting the specimen to conditions of 
atmosphere similar to those occurring in a station or factory. 

The weather during the five days was unusually damp. A 
number of severe rain storms occurred, thus giving the specimen 
an extremely good opportunity to absorb moisture. At the end 

of this time a test was made, from which curve No. 12 was de¬ 
rived. 

The object of this test is to see if, after exposure to moisture, 
the material will return to its original condition. By a glance at 

the curve thus obtained it will be seen that this actually takes 
place. 

Let us now compare the eight curves. Curve 5 represents the 
oiiginal lesistance variation of the material. Curve 6 shows the 
incieased initial resistance on cooling, the specimen having been 
protected from moisture in the meantime. Curve 7 shows the 
leturn to the original condition on absorption of moisture. Curve 
8 the higher value of the resistance curve when the specimen has. 
been kept at 80° C. for three and one-half hours and then allowed 
to cool, but not exposed to moisture. Curve 9 shows that the 
heating up to 80° C. has practically no effect on the resistance 
after the moisture has been driven out and not allowed to return 
Curve 10 shows the condition into which the specimen was thrown 
when cooled while exposed to the atmosphere. Curve 11 indi- 
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cates that the moisture had again been practically all expelled and 
therefore, the heat produced no change in the resistance. Curve 

7" s , s thafc the s P e «men having been freely exposed to mois¬ 
ture has returned to almost its original condition. In all these 
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tests the resistance remained constant during the entire time that 
the temperature was kept constant. On examination, the speci¬ 
men was found to be practically unchanged in appearance,, 
mechanical strength or other qualities. One might, therefore 
conclude, on inspection of the various curves in connection with 


these experiments, that the action which takes place in a fibre in¬ 
sulating material wh|n heated up to about SO 0 C., merely depends 
upon the amount of moisture contained in the material at the time 
at which each measurement is made. 

Question No. 4 may be answered by reference to the curves 
obtained ‘from the three tests on one piece of insulating material 
wound with four layers of No. 26 n. & s. bare copper w r ire. Area 
of insulation under test was 4.125 square inches, and the thickness 
was .009 inch. 

Curve 13 is the resistance curve for the first heating from 20° 


C. to 200° C. 

The descending portion of the curve between 23° C. and 40° 
C. is probably due to the coalescing of the moisture within the 
material; that portion between 40° C. and 80° O. shows the rise 
in resistance due to the expulsion of the moisture and the re¬ 
mainder the negative resistance coefficient which insulators usually 
possess. 

This test being completed, the specimen was allowed to stand 
undisturbed and protected from moisture for twenty-four hours. 
Upon reheating, Curve 14 was then obtained. This shows the- 
rapid drop from the enormous resistance acquired by the material 
on cooling from the previous test. 

While the specimen was cooling from the heat applied in test 
14, frequent measurements were made, resulting in curve (14$), 
which shows the rise to a still higher resistance than before. At 
100° C., the resistance was too great to be measured by the appa¬ 
ratus at hand. 

Now the specimen was allowed to stand undisturbed for thirty- 
six hours, during which time the air in the apparatus was kept 
moist. Curve 15 was then obtained on repetition of the test,, 
showing that the material when repeatedly heated to 200° C.. 
still retains its property of absorbing moisture, and the effect upon 
its insulation resistance is not as great as would be expected. But 
it should be noted that this high temperature of 200° C. greatly 
injures the mechanical strength of the insulating material. 

From the foregoing we may derive the following general con¬ 
clusions : 
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«. The presence of brass in the apparatus does not affect the 
shape and position of the curve. Ct ™ 

5. The difference m the curves depends solely upon the amount 
o moisture contained in the material and its opportunity of escape' 

value much To Spedmen C °° ls ’ tlie resista ^e increases to a 
f, ® .,T ab ° ve resistance that it possessed before pro¬ 
vided it is kept from absorbing- moisture. ' ’ 1 

present ^apparatus VtTT ^ Kmit of faction with the 
J ent apparatus. But all the curves, particularly IN os 5 to 13 

Wbhi is same' 

ae the well known result el,tamed by baking insulating materials. 
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Discussion. 

The President :—This paper, as stated in the introduction, is 
the result of work taken up in order to reconcile the extreme 
differences that were pointed out by Mr. 0. F. Scott when the 
paper by Messrs. Sever, Monell and Perry was read at the last 
General Meeting, May 20 th, 1896. It seemed to me that leaving on 
the records of the Institute a practical and important matter of 
this kind with such great differences of opinion was extremely 
undesirable, and therefore the attempt was made to ascertain the 
true facts. Mr. Scott made the statement that experiments with 
which he was familiar, obtained the minimum resistance exactly 
where the other investigators had obtained the maximum value. 
That discrepancy is entirely explained in the way that I sug¬ 
gested in the discussion of the paper at the time, by the curve 
shown in Fig. 2 , when you will note that the maximum in curve 
Mo. 4 is about 85° CL, and the minimum in curve Mo. 3 is at 
80° C. That difference is entirely due to the fact that in one 
case, curve Mo. 3, the material was wound with copper wire, the 
interstices between the turns allowing moisture to escape 
somewhat freely. In the other case where the maximum as well 
as minimum points were shifted to the right, the insulating ma¬ 
terial was wound with sheet iron, and a much longer cylinder of 
insulating material was tested ; consequently the opportunity for 
escape of moisture was much less, and the result was obtained 
just as expected. But the fact that the maximum and minimum 
points can be shifted to the right or to the left in this way is 
absolutely proved and is, I think, a matter of some practical im¬ 
portance. Furthermore, it is also shown in the curve given in 
Fig. 3, that the behavior of this insulating material between 20 ° 
and 80° C. is simply dependent upon the moisture that it con¬ 
tained, and that after driving off that moisture and allowing it to 
return, the material regains exactly the same condition as before. 
Therefore we can control entirely between those limits the posi¬ 
tion of the curve by the amount of moisture that we allow to 
enter the material after having driven it out. Those two points 
I think, are of interest and importance. The curve shown in Fig. 
4 represents the effect produced by much higher heating up to 
200 ° CL, and while very high resistances are obtained, running 
into the hundreds of thousands of megohms per square inch, it 
should be remembered, as pointed out in the paper, that the 
mechanical strength of the insulating material is very much 
affected, and that while we get what might be called laboratory 
results of high resistance, the material is not in a condition which 
would make it at all suitable for use in practical electrical ma¬ 
chinery ; but up to 80° C., which is the ordinary limit, appar¬ 
ently, no permanent effect is produced. It is simply a question of 
how much moisture is allowed to enter and how much to escape. 
The exact limits at which material becomes permanently injured 
is not an electrical question 5 it is a mechanical one j because the 
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insulation resistance is very high even after the material is badly 
affected; hence, it is rather difficult to set a limit. Probably 
some test as to the strength of material, its tensile strength for 
example, would be the best way to determine that point,—or its 
resistance to mechanical puncturing or possibly electric pirn dur¬ 
ing. That however has not been done. But the question of the 
effect of temperature upon insulating material is one of vital 
importance in electrical engineering, because our most serious 
difficulties arise from the breaking down of insulation, very often 
due to excessive temperature. 

The paper is open for discussion. 


JDr. Pkeetne Both at the time the earlier paper was read 
and at the time I first saw this paper it was a matter of great 
surprise to me that there should not have been more knowledge 
of these facts disclosed by the electrical engineers, particularly 
as I knew that there were so many men in the body who were 
familiar with work in paper cables and similar experiments 
where the investigation of moisture in insulation was made nec¬ 
essary. What this paper proves, and what should be more or less 
a foregone conclusion, is that if you have moisture in the insula¬ 
tion the temperature co-efficient is a co-efficient largely of the 
moisture itself, and furthermore, that the amount of moisture 
determines the specific insulating resistance of the material. 
Again we know that these materials, such as fibre and paper, re¬ 
tain in comparatively dry air, a large amount of moisture. ’ In 
drying paper insulated cables, taking a 100 pair cable wrapped 
to 128/1 oOOths. of an inch of paper, and using No. 18 wire ■ 
11101 e than four per cent, of the weight of the combined paper 
and copper is in the moisture which may be driven off by proper 
drying, and in the paper itself, from 15 to 20 per cent, is mois¬ 
ture, in the driest air you can find. Last year I had some ex¬ 
periments tried in summer in California, where the air is drier 
than we almost ever see it here, and wood that was thoroughly 
•dry would in two days absorb from 13 to 15 per cent, of its 
weight m moisture. This being true it is not by any means 
surprising that the temperature co-efficient of any material would 
largely clcpcncJ upon tho moisture contained in it. Compressed 
papei and fibie hold less moisture than wood or the ordinary 
manila paper used in wrapping cables. But at the same time ail 
of us who have been through the harassing experiments in mak¬ 
ing commutators with fibre which was the practice ten years a<m 
know that the best of the compressed paper and the best of the 
fibie that we can obtain, contains enough moisture for it to 
•change in its dimensions after being dried out. Not less than 
five per cent, of the weight of the best compressed paper made 
to-day is water in dry air. It does not need exposure to moist 
air. But air as dry as this or drier will enable the best quality of 
compressed paper to hold at least five per cent, of its weia-ht in 
moisture. Now this being so, as I say, it is not at all surprising 
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that we should find the temperature co-efficient of the insulating 
material, under such conditions, is a matter of the amount of 
moisture in it, and it is surprising to me that experiments should 
have been made within the last five years on insulating materials* 
which intended to give the temperature co-efficients of the insu¬ 
lating materials themselves, and no effort made to remove the 
moisture before the test were commenced. The matter of re¬ 
moval of moisture is also a difficult matter. The curves on page 
^59 show that. (Jn repeated heating the resistance rises and 
uses, and every time yon heat it, even keeping the specimen in 
w lat 3 ou call dry air of the-receptacle in the laboratory—-not 
simply exposing it to the dry air of the laboratory, but keeping 

q * aS n ® ar l v . ( ^ 1 7 as possible, and by repeated heating you will 
drive off a little more moisture each time you bring the tempera¬ 
ture up, and in consequence the insulation resistance will rise 
imally approaching a maximum. Again, we know from our ex- 
* P eilm ^ n ts in paper cable working that it is not necessary to de¬ 
stroy the mechanical properties of the insulation in drying it out; 

innoVf 11 ot llecessai 7 to. dyy paper or fibre or anything else above 
100 0 ., or even as high as 100 ° C., if we dry by means of per- 

e b. 7 ,h) T an , 111 a desiccator; and that is the only means by 
which the moisture can be eliminated with any degree of com- 
pleteness at all The attempt to drive off moisture by heating, is. 
a question of the humidity of the atmosphere with which your 
specimen is surrounded. In the ordinary baking ovens of the* 
factories — at any rate as they were made ten years ago, 

drv wlbl 7 W6 7 !! mp b baklUg ovens-we found, that in the cold 
fp t l6 ‘ ° f the W1 ? tei ; time we could dl 7 out armatures in, 

week i^lT 6 com P. letel y . tlian we 0011 ld dl 7 them out in a 
althouo-h ! summer tame, when the atmosphere was moist, and 

and^nSb th ,i d 1 1 ? eren 1 ee temperature between the outside 

a certain d c fl nb 7 r a %° bta i n€d ; • ^ 18 a fact thllt the air lias, 

insr materSFa S !°-. ao ®° rl | m g “oisture, and so has the insulat- 
mg material a capacity for holding it, and the question of desic¬ 
cation depends upon the relative amounts of moisture held bv the 

Zte^rttui^ b J the air ‘-u If air at a ettait 

materia? Tf\ 7 7 ’ aU ' Wl11 not dr -> T out tlie insulating 
been nreviSX11“® J h ? tem P e ™ ture . of the air and the air has 

moisture of ?hib r i ?? d, r y0U tlien mcrease the capacity for 
uoisture oi the air slightly, but you cannot thoroughly drv out an 

insulating material, unless you "pass over it air which W e 

neclXI'T d ° tWs 

necessity to laiae the temperature of the insulating material so as 

^ “ ^ ooit w. may 

cation materia! tTJT'l l“ g nlatemI '*? *he me of a desic- 

SatImilv Wen^W i me enough ' Tlie application of 

near simply hastens the time of removal of the moisture and i« 

SH“ ?)><* application of a certain amount of K ad 
sable, hut it is not by auy means necessary. The moisture 
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within the insulating material and in the ah' is in a constant state 
of interchange, just as there is an interchange with a glass of 
water standing in the air. As we have a certain vapor density, 
that vapor density.-is not changed by the fact that moisture 'is 
absorbed in the interstices of the insulating material, and if the 
moisture goes out and is absorbed by some desiccating material, 
then we have a vapor vacuum for the remainder of the moisture’ 
and more will be given off until finally our insulating material 
becomes dry, and that without producing any mechanical injury 
whatever. There is nothing new, as I say, about these facts I 
am giving you. This has been the experience with all paper 
cables made during the past ten years. Any cable manufacturer 
knows that it is perfectly easy to talk from'one wire to another 
in a paper cable as soon as it has been laid together in the factory 
before it has been dried out. ^ With a telephone it is sometimes 
aim cult on a thousand feet of cable to distinguish between wires. 
This is simply on account of the presence of moisture in the 
insulating material, and that difficulty is entirely removed, and we 
begin to get insulation only after the moisture lias been removed. 

bo far as the temperature co-efficient is concerned, moisture 
being present as shown here, it is not a temperature co-efficient 
of the insulating material at all. This paper simply confirms our 
knowledge of the fact that compressed paper and fibre absorb 
moisture readily, and are unreliable as insulating material—a 
knowledge which has altered the construction of most of our 
electrical machinery, for where great reliability was necessary 
compressed paper and fibre have been entirely removed, and not 
within at least hve years, perhaps, have these materials been used 
where reliability was considered necessary, and that simply be¬ 
cause the presence of moisture in the material has been under¬ 
stood as the reason that compressed paper was not a reliable 
insulating material. 

, President Of course it has been known for many years 
uat tne eirect of moisture on insulating materials was deleterious, 
and furthermore, that all such materials as paper, cotton etc.’ 
contained a great deal of moisture, and that they would absorb it 
10m the air and retain it, and even though the air was what we 
commonly call dry, they still contained a large percentage of 
moisture, lhat general fact is common knowledge ; but it was 
not known generally that the effect between 20° and 80° 0. was 

« _ /V> * [ -i'-'* , ^ t 61 6 W3/S practically no tern- 

perature co-efficient. Furthermore, a year ago, at the meeting of 

the Institute, no one was able to explain the extraordinary dis¬ 
crepancy between the results given in the paper then presented, 
and the results cited by Mr. Scott. The experience with paper 

^wm ilCh P r ‘ ! f nn ® ha ® liad - makes hirn especially familar 
with this subject, but all of us have not had that experience. 

iT 300 ™’ * wou d suggest that it would have been desirable 
if Ur. i err me at some time had presented a paper to the Insti¬ 
tute on this subject. 
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Dr. Perrine:— I am. very sorry that I did not The only 
reason £ had tor not doing so was because I thought it was com¬ 
mon physical knowledge. Open any text-book and you will find 
it stated there that wood and paper will hold in dry air from 15 
to 25 per cent, of moisture, and it seems to me when one-sixth at 
least of the insulating material is water, we would naturally look 
to water as giving us our temperature co-efficient, and it did not 
occur to me at the time X was working at the thing that there 
was anything new about it at all, because you will not find a 
book on fuels that does not give you that information. 

. The President : — That is a general qualitative fact, Dr. Per- 
rine. I am talking about the specific curves that are obtained for 
insulating materials, and as I say, a meeting' of the Institute at 
which many prominent members were present, including those 
particularly engaged in this line of work was unable to solve the 
problem. That is a matter of record. 

, Dn. Perrine: I will tell you where I think you will find this 
thing—not exactly in curves, but you will find statements of the 
tact. In 1862 there was a conference called in relation to the 
possible laying of an Atlantic cable, where insulating materials 
were discussed, and this question of moisture in its value of 
changing the insulating material and the temperature co-efficient 
in insulating materials was pointed out in connection with some 
of the points then presented before the telegraph conference. It 
is printed in one of the English blue books, and I think you will 
find most of this material there. 

The President The general fact is one thing, as I say, and 
the specific curves another. Dr. Perrine is continually stating 
that it is a matter of common knowledge. Ever since dynamos 
have been used they have been provided with water-proof covers 

most Ah/^H° n n at th Tl t Ct ^ al dri PP in g °f water upon them is 
nost objectionable. But that is not exact physical knowledge 

5 “ d J TIi P Y re ^ er t0 , the Tkansacti °ns of last year for proof ^of 

not ex°nla n at +i a m gdy attended meeting of the Institute could 
not explain the discrepancy there brought out. 

tivVfaH- Irr :_ 7 I tMnl \ tlier ® is DO question that as a qualita- 
tne fact .it has been known that the presence of moisture is to be 

^ffi d - ed +i n material > and also tte fact that cellulose if 

sufficiently heated becomes a dielectric, and will remain charged 

+>i experiments with rubbed paper prove that; still I think 

that the paper has brought out and put in a precise shape iust 

matters 1 £“ 1 ° Pave occurred. Whethe? tLe 

matteis have been fully investigated or not. and published in 

of h this P kind S 1 tT ^ aW T' 1 ^ av \ not come acr oss any curves 
of this kind. There are. however, other facts in connection with 

ce hilose as an insulator, which I think have made it less desira- 

■able than other materials. It is a substance which is not by anv 

means stabie at high temperatures; even a temperature below 

0 0 ., runs it down or carbonizes it slightly, so that finally 
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it becomes an entirely different chemical substance. Some ex. 
periments were made several years ago I think 'k _ , 

S3 “f e /> “ Tbomson-Houston factor, W. 

Of « ?.» i "T f° " lr j "' tempctnrec for lot,' 

T f P° int mu< ^b'above Si 
was pretty iapid. Ihe cotton turned brown and Qhnwori 

relativefy°to a tlZhvfowr 1<>SS ? WatCT a " d an increase of carbZ 

that browning and deteriorationactually oSrfafOrdinary t** 
peraturesthrough_ very long periods of time. We see the ok? 
boohs in the libraries turn brown from the same cause The «! 
stance cellulose, m other words is not stable, and a high tern/! 
ture simply brings out the instability or makes the fiL ^ i 
to change the substance less. * 6 time rec l u,red 

similar experiments on different materials, givino- result* 1// 
agree substantially with those published in these Transaottawc, 
lliere was one point of difference in our experiments anTib^ 
was m the method used to heat the materials Here it wa an 
electrical method, using a number of resistance coils whereas wi 
used a east-iron cylindrical vessel in which the materiaMn the 

i f 1Sk J T aS P kced between ^o ir“n plates Then 

a sort of cylinder-head top was screwed on to this flat vessel and 

the whole immersed in boiling oil or heated oil I should sav 

The temperature at starting, of course, was about that of Z 

room, the cylinder oil being heated slightly by means of two or 

three gas jets—Bunsen burners—and the temperature could he 

increased quite regularly, although it was a raflierTlowprocess 

dZnf + moi ° de S re es centigrade was reached. It tool/a good 
deal of time of course to get the temperature where it wnf d P 
sired but the method, as I say, was quite satisfactory 6 ‘ 

There is one other point I wanted to find out about in tbi« 
paper, and that was the source of electromotive force it was 
stated I think at 500 volts,-but not the sourcl of E M l-on 
page 254. I would like to ask Mr. Bates what was used ' 

Mr Bates :— A motor dynamo was used to transform the 
potential from 110 to 500. ansiorm the 

Pkof. Esty :—We found on trying a 500-volt dvnamo that the 
galvanometer gave quite unsteady readings. The circuit acted as 

1011 f 1 / electro ® tatic capacity, as doubtless it had. We had 
a sort of condenser effect, with those two plates, upper and lower 

found ' thZh atlDg i m r terialbetWeen the “ as a dielectric, and we 
ound that the unsteadiness in running the dynamo made it abso 

iutely impossible to get any reliable results/ The galvanometer 

bnfh e lf Z nCe / arted t0 th ® ri £ ht ™>uld continued the right 
but by getting it once started to the left it would go to the lift • 
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so that what we finally adopted was a storage battery, one that we 
made—of small cells and a good many of them. We got up to 600 
volts, which was quite satisfactory, and all disturbances of the 
galvanometer were eliminated. Another thing we found that 
required a great deal of attention, and of course that goes without 
saying, that the insulation of all the apparatus—glass insulation— 
could, not be depended upon in the ordinary way. But all the 
circuits having been made air lines and everything arranged with 
the utmost precaution to avoid leakage anywhere, the results we 
obtained on a number of substances, linen'and fibre and the ordi¬ 
nary insulating materials, were substantially the same results as 
shown in this paper; that is the effect of moisture, and again the 
effect of pressure between the two plates, between which' the ma¬ 
terial was placed, made a great deal of difference, of course. The 
way we tried to reduce the results to a uniform basis was to take 
a five pound lead weight, place it on the upper plate and use the 
same weight throughout all the experiments. That eliminated 
a oy possible uncertainty as to the pressure which would be intro¬ 
duced by wrapping the material on to a cylinder by means of a 
wire, unless that wrapping produced just the same pressure in every 
case, otherwise it would hardly be correct, it seems to me, to draw 
conclusions from these different conditions; but this uniform 
weight enabled us to say practically that all material was subject 
to exactly the same pressure. It is needless to say that by addin* 
to the pressure we found the insulation resistance would drop 
very quickly, and removing the weight, of course, brought up the 
insulation resistance. r 

There is just one other point that I wanted to speak of, and that 
was what seemed to me desirable in the reduction of these results 
viz. insulation resistance per square inch. I think this is the first 
*j- m ® t "ave seen that reduction to unit of area, but should think 
that the addition of the thickness to that unit might be desirable, 
or instance, I would plot megohms per square inch per mil 
iickness, and then we could compare all our results and perhaps 
get conclusions more readily than where these units differ. I think 
m the former paper that is referred to here, the one by Messrs. 
Sever, Perry and Monell, that no reduction whatever to a unit 

3,^7 Q 7T Ut S ™P^ V , me gohras, and here megohms per square 
inch, _ In the results that we got last year at the University of 
Illinois we reduced to megohms per square inch per mil of thick- 

Mr. Steixmetz With reference to the instability of the .gal¬ 
vanometer aynamometer observed by the last speaker, I obserfed 

n^utTfTT S T! year8 f g0 and found the ^irce of it 
whSh wmf 11 1 nd " ctl0n • between the two coils of the instrument 
•which, with; a leading current load as a condenser, produced an 

unstable equilibrium. Mow coming to the paper-this panerk 

very interesting and valuable in-so-far as it extends the amount of 

information on insulating material available to the electrical fra- 
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ternity by publication. There are three distinctly different uhe 
nomena taking place in the insulating material. The one is the 
■changing ot resistance of the insulating material proper with 
temperature; the second is the effect of the moistur e P retained hi 
the insulating material, and the third is the chemical disinStra 
tion taking piace^ I may say that the separation of these tlfree' 
phenomena would be very desirable. It would be much mole 
easily accomplished by using instead of the “resistance!” +1 
conductivities ” of the insulating materials. Then! I think lie 
could with some observations separate the three distinct effecto 
and get the electric conductivity of the insulating material prone, ’ 
and such curves, of exponential or logarithmic ifature have beer ’ 

I believe, observed on materials which are not IivotoscWc f i ? 

material proper, is the conductivity due to moisture tested a i g 
the material, and this as before said is enSX eSf In . clnde< |. b y 
absolutely on the atmospheric condffiol s S 
moisture to be absorbed or to escape ot the 

lowering 5 ^ nhb P n distance, and the effect of moisture in 
bearing 8 Mofeh,™ fig 

epemtion they will absorb moistme again jUfcZt 

a snfflllenHy 0 higb,inmb°er e rf^'n.el.olnnf*' 116 ] 1 ? l,akilJ S “ 10 got 
fuisi eoine Lti?„„ed l " 

engi: ZgZL* btk ZZZLnZI ST"^ etarM 

tion resistance as a guarantee of the safety of irrufla+- mS 

machine, and instead of it specify the volSe at m T ■ ? e 

tmn should not be punctured. If the insulation i<= ie in ®ula- 

very bad, it will be nnnctm-ed 0 f i„. insulation is fibre and is 

ing show an enonnZ b lir V - l ^ ge and . still > after bak- 

insulation, after long exposure to damn ail^l 6 ’- Wh + e i ■ VGry S ood 
-may be of relatively W n ,?i Q l P -T as m a turbuie station 
far superior to the infinite immW lesis i tai]ce ^nd nevertheless 

by dL.egrap 0 r p Str IKS d °"' 

you very seldom find an electrical engineer snffieieli it 
the times to request a large number of^me^ohmq T-f t/- . 

•ease he gets it hv hnVinol^ me ^ lims * ff this is the 

moreflnHrrm^ * + , U1 S the apparatus— otherwise bakino-cmes 
moie and more out of use, and its place is taken h, • T g i, 

•age or puncturing test. * 1 en ™ e high volt- 
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Obviously moisture, while fairly harmless when in small 
amount, must not be excessive—that is the armature must not be¬ 
dripping with water, which all the same happens occasionally,, 
when machinery shuts down evenings, and the dew accumulates 
on it over night. Even then it usually does no harm. So you 
see you must distinguish between the "low insulating resistance 
due to moisture, and that due to imperfect material or chemical 
disintegration. 

Prof. Thomson:— There is just one point I would like to call 
attention to—I meant to speak of it when I was on my feet be¬ 
fore—and it is in regard to the curves on page 259, Figure 3. It 
would appear that when the moisture was dried out of tlfe material 
and the cooling took place, that there was no temperature co-effi¬ 
cient properly so-called. No. 9 and No. 11 are practically straight 
lines and that would seem to negative any idea of a variation of 
resistance, at least within those limits due to temperature of the 
dry material. ' ." 


Dr. Ivenxelly . The discussion lists been interesting in show¬ 
ing the different standpoints which may be assumed by different 
readers who have not tacitly agreed upon the exact question at 
issue. When the original paper, referred to at the outset, was 
read. I think I can lemember that the subject was not treated as 
a discussion of a true physical constant i. e. a temperature co-effi¬ 
cient of vaiiation in resistivity of heated insulating materials 
because it was generally understood, although perhaps not stated’' 
that the variations in resistance observed were much more erratic 
than could be expected from a true temperature-co-efficient As 
Mr btemmetz says, you cannot expect to come within measuring 
distance ot a temperature co-efficient until you have driven off 
practically all the moisture from the test piece. Prof. Thomson 
has pointed out that, apparently, when this was done, the curves 
JNos. 9 and 11 of this paper indicate an absence of temperature 
variation between the limits of 20° and 80°. Dr. Perrine how¬ 
ever, seems to have considered that we discussed the existence of 
a real temperature co-efficient when the original paper was read. 
It w, of course, generally known that paper and fibre absorb much 
moisture at ordinary temperatures, and in the presence of that 
moisture all real temperature variations are necessarily obscured. 

l h \TT tl0n dl ® cusse ? , was tde particular curves accompany- 
mg that paper showed humps or maxima at positions verv differ¬ 
ent to those observed by Mr. Scott. No satisfactory solution of' 
this question seemed to be offered. I think we are indebted to- 
ttie wi iters of this paper for an explanation of that phenomenon 

sneSwS whicHh at e T yth - iD § de P ends »P° n the facfiSy and 
speed with which the moisture is driven off in the test J 

a real resistivity unless a number of conditions are stated such as 
absence of moisture, pressure, degree of purity etc. For this, 
reason, perhaps, we should be grateful to the authors of this paper- 
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f" no?T,vS' ri '^uted r lf ! *° 8lsol ." t ? only, and 

cubic ce„to»& ™ referred to tbe 

of resistivity, we might have hJen ; 6 . t ) lei ] r . resu ^ s the form 
such was a real physical constant nf ‘v Vei & 'P* 0 the belief that 
probably a function ofa dumber 0 ° f f {^* te " aI 5 wl ^eas it was 
in which m i s h« have led Varia,i0 " 

upon llretSetLS F„™ ctvS‘ °\i M«ion 
read by Prof. W. K GoIdZough ™ then 
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THE EFFECT OF ARMATURE INDUCTANCE UPON 
THE ELECTROMOTIVE FORCE CURVES OF AN 

ALTERNATOR. 


BV W. li. GOLDSBOROU&H. 


Die subject of the regulation of alternating dynamo-electric 
machines, considered as a function of the inductance of their 
nnatui e coils, has been treated by a number of writers and 
during the last few years has attracted much attention. " 

In looking up the bibliography of the subject, however I find 
that but few records have been published of the actual value of 
ie inductance of the generating coils of these machines, and 
that even less data are available regarding the real nature of the 
periodic fluctuations that take place in this quantity 
We are indebted to Hopkinson, Ayrton, Rapp, Sumpner 

RotheTt 1 ’ RotT , Wa]bHd§ ' e ’ ReM ’ 8teini ^’ Reining; 

rS e Sr Ier « m& 7 ° therS f0r mucL ^able informS 

hlndwtr T° n ! * 160)7 and Practiee of the design and 
ndhng of machines of this type, but these writers, in-soTar as 

I am informed, have failed to furnish us with a record of the 

actual internal relations existing between the factors involved 

rned of conventional and restricting assumptions. 

With the assistance of Mr. W. N. Motter and Mr S R Fox T 

“Penm.nts h, the eleitLni 1 
subjet University for the purpose of investigating the 

-A.PPAR ATUS AND IVXeTHOI) EMPLOYED 

6 ?r ,n f lt6 ^ aPaP describe were made upon a 

coils Vfii f 11181 aiC dtted with the necessary exploring 

auls, collector rings and revolving contact-making device Thf 
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machine was selected on accounted' the peculiarities of its design. 
These were particularly valuable, as the end sought was to obtain 
results of an exaggerated nature in order that the factors cnterin<>- 
into the problem could be brought into bold relief and therebv 
lend themselves to more ready investigation. 

The core of the armature is of the ring type and is built, up 
of laminated iron stampings, held together by laminated iron 
bands passing around the eore between the successive la vers of 
stampings. Each stamping, therefore, forms a portion of the 
surface of a cylinder having its axis coincident with the axis of 
rotation. The stampings are shaped so as to make sixteen large 
teeth of trapezoidal section, whieh project lateral!v from tin 1 eore 

















1S!,7 ‘ I ooivBBoaouBH on amui-urh isdxjctance. t~, 

“ttaohed 6 to Ifrr" ,°1 !' rpe ' eaCh i, 

Prae«ea. I? dead, being" X,nt "" 

large^roJti/j“ an,1 “ t “ re “bins are wound between 
t ee ? h and the It ft “ " cIeara ”“ 8 P aees “ween the 

«,e com i. hT be “t nhtin, r‘™ n .l *« induetanee of 
the letkaJ! „,*T " m P ra<!ti “'j “ried in iron, ,„d 

Ti.oi'e are in all Bw] t”"' forceset »P in them is slight. 
fa .00 As the 1™ . h “ e armatoe “'«• <* * <0 each pole 
then 4 teeth 6 'V"’ 0 - '' 5 ’ tlei ' 8 are alternatively 3 and 

«,U?n ‘“r e .ff/>»“•» The latter condition occj 

1 -ole 00 SL L for n' t “f “**> «» 

rowoet- T f Ti PW,, ;°” S m “*V between the pole 

;=:S?r;— -—-s 

-vavt'i «°™«ted in series in snch a 

sa,;r e “ d t o rttarl3s e hS, PO ttv” g °" e "» 

•T for-ee entering the armatnre 2 ^ 

- te XdT X , di f inft P ,netete «“ armaturetore 

~L p Jr m ed *r gi -*•*««£» x xx 

to tite shaft,. When the armatnre core is at rest, therefore and 
J tlG [ cl COl]s separately excited, the field flux passing through 
any pair of armature coils will be a maximum when they are! 

I;:; tl0nS *’ 2 ’ ** *> and - 111 be zero when they are in positions 

'Vila method employed in making determinations of the self- 
imluetion of the armature was as follows : 

A ” ex P lorin S coil of 42 turns of No. Sfl B & s copper wire was 
wound over armature coil 1, and connected in series with the 
hrld coils Of a high-resistance Nalder ballistic galvanometer and 
an adjustable non-mductive resistance. A constant exciting 
current o± 10 amperes was kept flowing through the field circuit 
h( all times. During the time of taking any one set of readings, 
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a direct current of definite value was maintained in coils 1 and 2 
except when the deflections were made. In circuit with the 
two armature coils and the source of power, were connected a 
Weston ammeter, the primary of the calibrating coil of the 
ballistic galvanometer and a snap switch. The snap switch being- 
actuated by a spring, gave exactly the same form of mechanical 
“make” and “break” of the current at each reading. Headings 
were taken when making and when breaking the current in the 
armature coils, and the average of four observations made a re¬ 
cord for a given angular position of the coils. 

The angular position of the coils relative to the poles was 
indicated by the graduated disk of the contact-making device by 

dj 4.1 


Ur 






‘g l 2«o I or- 



Fig. 2. -Showing coils So. 1 and 2 at “Zero Position ” between the Pole Tm- 

n, s, and n', s'. 

adjusting it relatively to a point on the contact wheel at the time 
of taking each reading. Knowing the deflections of the galvanom¬ 
eter and having complete data covering the calibration of the 
instrument and the construction of the armature, the inductance 
°f the coils at any given point was very readily calculated. 

. ! n ^mining the form of the electromotive force waves 
induced m the coils and appearing at the brushes of the machine 
a form oi contact-making deviee shown in Fig. l was used in’ 
connection with an improvised form of electro-dynamometer. 
a ne contact-making deviee possesses no new features. The 
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galvanometer is of the Wiedemann type. The bell*h,n 0 rl 

mfinil^ 7T d<Unpei ‘ Were removed froui the instrument 

a d m place of these a wooden ball can-vino- a coil of tln» • ’ 

“ “r gro °™«“ ^ ™ ™ 

. tuted. Two pieces of copper wire were mounted upon the 

”, "“ffZ l'o 1 *''! i,,d “ ,he ««"•»«• of a 

diameter to ioim an axis of rotation. The upper end of tine 

lid ™ “TT'e ° f H ' 6 “ “™'> *«™«N plane mirror 

was connected at its extremity to a piece of hard-drawn 

brass wire. This wire being also attached m *1 + 1 

both sustained the weight ofthe ball and i 1 T , ™ 10U heftd ’ 
the deflecting force J <ind baIa,lced by its torsion 

needle. Tlm°low e d tfZT' “““8 h 

fr™ s " ffloingt " A-’ 

i» -e, tl,e field coils of 

et« corroot. The hall or needle was connected JZ 

lamps aecordin «Z“Z “l ” f Z "*° tl,reo 
instrument was calibrated by connecting « t ' 1,6 

chine in series with the netdleZoZZ T 

:zi7 a,e «-*—* «•’ 

*• **«**•< 

omected to the terminals ot the source of constant p m r 
u.xng all the experiments, the galvanometer gave deflections as 
onstant and as dead heat as those of a Weston ammeter T1 

Stirn" aPParatUS 1S a,ial °^ S *> described by 

Akmatijrb Inductance. 

ccil'Vcf'fl,',"""' 5 Z “ efficie,1 ‘ » f eelf-induetion of coils 1 and2 

m VS 2 a z^ r ph n “ «* 33 °: .« W 

coils was least ’ owinw h 'It Z™ * 16 ma & netlzlll g power of the 

chcnittalled w Llt e „t‘T magne ‘“ , ' el ' !0 *““ e of *>'“ 

The high reluctance is due'to ^ 

surrounded by the coils, and the iron of the pole tips n n'Tl 

the r“ Ip'' 7 V tlie field fins, aid to the fact Z 

the toes rfW^p^e ooilsm ns, either 

Transactions, vol. ix, p. 79 xpenmonts with Alternating Currents.” 
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many times larger than the clearance space, or else pass thiough 

the entire field circuit of the machine. 

When in the 230° position and with a constant current of ten 
amperes flowing in the Held circuit, and a constant cunent ot J•*> 
amperes flowing in coils 1 and 2, the ballistic gal vanometei gave 
a deflection of 25 both at the ‘ £ make and at the bieak oi 
the current. The current in the coils at this time w as llowing in 
the same direction as that in which the alternating cun cut is 
flowing when the coils are passing’ out from undei the pole tips, 
and the armature is rotating in the normal countoi -eloek-w iso 



direction. From position 230° the coils were moved in a clock¬ 
wise direction, as viewed from the commutator end. This is 





but in the same direction as that in which the rotary contact brush 


was moved when the k. m. k. curves were taken. At the 220° 
position, “ make” and “ break ” readings both equal to 24 were ob¬ 
tained. At position 210° the readings gave 25 divisions again. 
At 200° they were all 80 divisions, and so on through one-half 
of a revolution of the armature. When plotted, these readings 
gave the curve a of Plate 1. 
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An inspection of this curve shows that it is distorted in the 
■direction of the normal rotation of the armature. Thinking that 
its unsymmetrieal form might not be entirely due to a magnetic 
reaction between the armature and fields, and that possibly it 
was caused, in part at least, by a variati n in the width of the air- 
gap space, owing to the core of the armature not being quite true, 
the curve was continued through the complete revolution. The 
result of the test, however, gave another curve exactly like curve 
A. This indicated conclusively that lack of symmetry in the me¬ 
chanical construction of the machine played no part in causing the 
distortion. The current in the coils 1 and l was then reversed in its 
direction while being kept at the same volume. The exploration 
resulted this time in giving the curve b, of Plate 1. As before, the 

make and u break” gave the same deflection for any given 
position, but the curve was found to be drawn over towards pole 

tips s' and n, Fig. '2 , instead of towards s and n', as in the case of 
curve a. 

The distortion of these curves, the ordinates of which are pro¬ 
portional to the inductance of the coils in various angular posi¬ 
tions, is entirely due to the variation of the permeability of the 
iron composing the armature core and pole-faces, as the energized 
armature coils are moved through the half revolution. When 
curve a, Plate l,was taken, the current passing through the 
coils tended to produce a magnetic field in opposition to that 
induced by the field circuit when the coils were in the 185° posi¬ 
tion, and one aiding the field flux when they were in the 95° 
position. In other words, poles were generated in the coils as 
indicated by the small n and s on coil 1 of Fig. 2. With the 
coils in the 95° position, when the circuit was made, a number of 
ampere turns were brought into action, which increased the in¬ 
duction in the surrounding masses of iron and at the same time 
decreased their permeability. With the coils in the 185° posi¬ 
tion, making the circuit through the armature, decreased the 
magnetic density in the surrounding iron and thereby increased 
its permeability. Breaking the armature circuit in either case 
brought the induction back to the same initial value, since the 
two positions assumed are symmetrically located relatively to the 
pole-faces. The introduction of the same magnetizing force into 
the coils, however, did not cause the same variation in the in¬ 
duction threading the coils. Since the variation in the value of 
the permeability is in opposite directions in the two cases, the 
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variation in the tlux in the 185° position is greater than that 
wliieh occurs in the 9f>° position, and therefore the self-induction 
of the coils in the former is greater than in the latter, under the 
ass uni ed con d iti ons. 

Magnetic hysteresis also plays a part, in the variability of 
the armature inductance. As the armature revolves, the iron of 
the core passes through a complete hysteretic cycle once every 
revolution, and in making determinations of the armature indue 
tance, account must he taken of the fact that the magnetization 
of the iron of the core follows the perimeter of the loop of hy¬ 
steresis and not the “ n and n curved’as the permeance of the 
core changes. 

To determine the extent of the error introduced by neglecting 
to adhere to the true magnetic changes through which the iron 
passes, as is the case in the method so far described, a rather 
laborious process had to he resorted to of carrying the iron in 
the core completely through the hysteretic cycle before taking 
each reading. By this means, owing to the fact that when a 
coil is between the pole tips, the laminated core of tin* coil is 
highly saturated, it was possible to got a very fair estimate of 
the influence of hysteresis. 

Suppose we take the hysteresis loop of Fig. 3 to repreMmt the 
cycle through which the magnetization of the iron pusses during 
a revolution of the armature. Let a represent the magnetic 
density in the core of coil 1 when it is in 230° position, and no 
current flowing in the coil. As the armature is revolved in a 
counter-clock-wisc direction, the intensity of the magnetization 
in the (tore will decrease until at tint 2/20° position if, will have a 
value equal to <?, h. At some point farther on, say at; 33o'\ there 
will be a sufficient negative force to reduce the residual magne¬ 
tism to zero, as at e. Fig. 3; and finally, when coil 1 reaches flu* 
50° position, the magnetism will have been brought up to a nega* 
five maximum within the coil, as at d. If at this point the 
circuit is made through the, armature coils, and a eonsfant current 
sent through them in the direction which aids the field flux, the 
density in the core will be increased to a still higher value, and 
rise up to e. {Suppose now that the armature is revolved still 
further round, for instance, to the 12d u position. Tint flux pene¬ 
trating the coil will diminish to/. If at this point the armature 
current is broken by the snap switch, a current impulse will pass 
to the galvanometer needle from the exploring coil, due to the 
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Following out this method for one set of readings, curve a, of 
Plate 2, was obtained. Curve u is a curve plotted front an aver¬ 
age of the readings due to the second and third “breaks” and 
their corresponding u makes.’ 1 It is identical with a curve taken 
by the method used in obtaining curves a and u, of i Mate 1, but 
• with the same armature current as that used in obtaining the 
curve a of Plate 2. An inspection of the curves of Plate 2 shows 
that the maximum percentage variation occurs at the Iho° posi¬ 
tion, where it amounts to 12 per cent., and that the maximum 
actual variation occurs at the 170° position, where it amounts to 
.15 divisions, or 7.8 per cent, of the deflection at this point. This 



Fui. 3. 


represents an actual difference of .0117 henrys at the 170° posi¬ 
tion. 

As was to be expected, from the considerations outlined above, 
the curve a of Plate 2 shows a greater distortion in the direction 
of rotation than does the curve n, taken by the less exact method. 
It reaches a maximum later in the cycle, and although of uni¬ 
formly greater amplitude than curve b, the differences are most 
marked in the last half of the cycle, counting time from right to 
left. 

Curves a and b are, however, exactly similar in form and so 
nearly alike, that it was not deemed necessary to follow out the 
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valued them.° f ^ ° CCnn ' ing ’ ratller than the absolute 

Hate S exhibits a series of these inductance curves. They re 
present live explorations, made with direct currents of different' 
intensities flowing through coils 1 and 2, while the field exci te* 
current was maintained constant at 10 amperes, as usual Thf 
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readings have been reduced to henrys; the calculation of the 
values being based upon the supposition that the inductance of 
the two coils at any point, is proportional to the change in the 
mini her of hues of force existing in the coils at that point, divided 
hy the current flowing in the coils and producing the change. 

ie plotted values, therefore, represent the inductances of the two 
coils m senes, proper allowance having been made for the fact that 
the exploring coil was only wound about one of them. 

he curves of Plates 4 and 5 have been derived from those of 
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Plate 3. They sliow the relation between the direct currents 
flowing in the coils and the inductance of the coils, and are useful 
Avhen it is desired to determine the curve of instantaneous induc¬ 
tance that corresponds to a given alternating current wave. 

The curves of Plates 3, 4 and 5 bring to light some very inter¬ 
esting facts. They show that the maximum coefficient of self- 
induction occurs when the coils are in the 145° position and the 
current flowing in them has a value of 2.5 amperes ; under these 
conditions their inductance is over.172 henrys. They indicate 
that as the armature current is varied from zero up to its max¬ 



imum safe value, the inductance of the coils undergoes very- 
marked and relatively rapid changes. The dotted curve k has 
been plotted from the ordinates of the curves on Plates 4 and 5 
that correspond to the zero value of current. It represents the 
initial inductance cycle, and is the basic curve to either side of 
which the inductance curves for the various currents fluctuate. 
Curve v is practically symmetrical relatively to the pole-faces. 
Its crest occurs as the coils pass the centre of the pole-faces, and 
it slopes equally on either side. The line x, drawn from its crest 
through the crests of the other curves, indicates the successive 
positions and values assumed by the maximum inductance cor- 
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responding to different constant currents, as the volume of these 
currents is increased from zero. The maximum current-carryino- 
capacity of the armature is 15 amperes, but the inductance is 
changed from its maximum initial value of .117 henrys to its 
maximum possible value of .172 henrys when the armature cur¬ 
rent reaches 2.5 amperes. Any further increase in the current 
causes the amplitude of the inductance wave to diminish and at 
8 amperes it is only 85 per cent, of what it is at 2.5 amperes 
Besides varying in amplitude, the inductance waves undergo a 
lateral shifting in the direction of the rotation of the armature 



Plate 5. 

The dotted curve u has been taken from Plates 4 and 5, and re¬ 
presents the inductance curve corresponding to 11 amperes. An 
inspection of Plate 5 shows that this curve practically marks the 
limit of the variability of the inductance. For a further increase 
in the cm rent, the 17 0 ^ curve of Plate 5, tends to remain 
horizontal, and the 180° curve exhibits no. disposition to rise 
appreciably beyond the 11-ampere point, there will therefore 
be practically no further shifting of the crest, or change in the 
amplitude of the induction curve. 

To better appreciate the extent of the distortion that occurs, 
it is well to note that at the 170° position there is a difference of 
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about .065 of a henry between curves a and k of Plate 3. show¬ 
ing that the inductance of the coils at this point has double the 
value at full load that it has at no load. This fact, is bromrht 

o 

out strongly in Fig. 4, wliioh shows tho <lillVren<ws between the 
ordinates of curves n, v and a. In this figure, the amounts hy 
which the ordinates of curves n and u of Flute d dillVr from 
those of curve f have been plotted as ordinates relatively to 
curve f reduced to a horizontal base line. 

It is also interesting to nore that between no load and full load, 
the crest of the induction curve moves through an angle of Mo 0 
or over one fourth of the width of the polo-faces. 

The fluctuations which take place in the armature inductance. 
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are due to the changes occurring in the reluctance of the path 
traversed hy the flux induced by the armature current. The ac¬ 
tion of the armature current is to intensify I he induction in the 
armature core between the (!0 U and Pim-' positions of coil 1. The 
initial induction in the core was over id,non gausses when 
the coils were between the pole tips. The armature current act¬ 
ing with the field excitation maintained this saturation during 
tho first part of the revolution and prevented any great variation 
in the induction in the first, quadrant. Put during the second 
and fourth quarters of each revolution, when the coils were be¬ 
tween the 170 and the 2 apositions, the armature current was 
reacting against the field excitation, and thereby, by diminishing 
the flux density, was increasing the- permeance of the iron and 
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the inductance of the coils for these positions. The magnetizing 
power of the coils is considerable, as with 8 amperes flowing 
through them, they set up an induction of 18,000 gausses in the 
core when in the 160° position. 

The great amplitude of the induction wave for 2 A amperes in 
the coils is in the same way due to the fact that the permeance 
of the path is least when the magnetizing force is that due to 



FlCr. 5. 

this current. If we plot the values of the 140° curve of Plate 4 
in terms of the armature current and the induction set up in the 
core by the current, we obtain the curve shown in Fig. 5. This 
is “b and h ” curve for the magnetic circuit through the armature 
core in this position, and the point t which corresponds to the 
maximum ordinate of the 140° curve, is the point where a tangent 
to the curve makes the greatest angle with the base line. 

The large teeth of the armature core do not seem to have the 
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effect of causing any marked irregularities in the inductance 
curves. It is noticeable, however, that there is a slight hump in 
all of them at the position. This is caused when the teeth 
immediately behind the coils pass the pole tips. The same effect 
is produced by the other teeth, but it is too slight to appreciably 
affect the readings. 

ElKOTROMOTIVK FoRCK OlTRVKS. 

A series of electromotive force curves taken from the machine 
are shown in Plate (>. These illustrate the imidual chanire in the 



:>o io 


wave form of the effective electromotive force as the load in¬ 
creases. By the effective electromotive force is meant the electro¬ 
motive force that is in phase with the current and overcomes the 
ohmic resistance. 

There is quite an appreciable lag in the effective electromotive 
force for the higher loads, owing to the armature inductance. 
This can hardly be regarded in the light of a simple phase dis¬ 
placement, as the lag partakes largely of the nature of a trails- 





1897.] GOLDSBUROUGH ON ARM A TURE INDUCTANCE. 291 

formation of the fundamental wave a, that is due to the phase 
positions of the higher harmonics being shifted relatively to the 
fundamental harmonic, and not to any material change in the 
phase position of the fundamental harmonic itself. The extent 
of the shifting is best appreciated by noting the positions of the 
ordinates a, b, o, d, e and f. These lines bisect the areas of the 
electromotive force curves designated by corresponding letters, 
and indicate the points at which the induction threading the coils 
passes through zero and changes sign. 



The curves of Plate 7 have been determined from those of 
Plate 6 by integrating the areas of the latter. They illustrate 
the waves of magnetism producing the effective electromotive 
force curves, and give a better idea of the extent of the lag that 
takes place. The scale of ordinates of Plate 7 expresses the 
value of the integral, 



(1) 
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as determined from the curves of Plate 6, and must be multi¬ 
plied by the constant 12206 to express the value of the induction 
per sq. cm. in the iron of the armature core. The maximum in¬ 
duction occurring in the core is therefore a little over 25,000 
gausses. 1 In determining the value of the constant, an allowance 
of 20 per cent, was made for the lamination of the iron, 80 per¬ 
cent. of the gross area of the core being used as the equivalent of 
the iron. 

Curve a of Plate 6 was obtained with zero current in the 
armature. This is the “fundamental” or internal electromotive 
force wave of the machine. It will be noticed that it is not 
symmetrical about the 140° ordinate. It is an irregular curve hav¬ 
ing three prominent peaks; the right hand one slightly depressed, 
the left hand one raised somewhat, and the central one practically 
symmetrical about the centre line of the pole-faces. The ear 
peaks are due to higher harmonics being superimposed upon 
the fundamental wave by the magnetic disturbances in the 
air-gap that are caused by the large teeth. Steinmetz 2 has noted 
this effect and treated the subject of the distorting influence of 
armature teeth in a masterly manner. His results indicate com¬ 
paratively symmetrical waves for no-load conditions. In the 
case under consideration, a marked shifting of the electromotive 
force curve in direction of rotation is caused by the teeth im¬ 
mediately on each side of the coils. As the teeth approach the 
pole tips, the lines of force do not appear to reach out to receive 
them to any extent. There is a sluggishness apparent. On the 
other hand, when the teeth are leaving the trailing pole tips, the 
lines of force seem to hold on with tenacity, and when they do 
let go, fly back with a snap as would extended strands of elastic. 
In the extreme cases, this action does not appear to occur until 
the tooth is over an inch away from the pole tips. The rapid 

cutting of the lines necessarily augments the potential at this 
point. 


This explanation has its bearing upon the case, but the distor¬ 
tion is peihaps better explained by looking at it in the light of 
uhe part played by hysteresis and eddy currents. The eddy cur¬ 
rents induced in the pole tips tend to oppose any change that 


rrJ* e I a ? 01 ^ t ® te ® ts were made on Brush dynamos in 1889, by Mr. Murry. 

a^med were about 4 800 gausses in the field, and 27,000 in the 
isqo S ’ See b ‘ P * Tilom P son s “ Dynamo Electric Machinery,” p. 481 


2. C. P. Steinmetz, Transactions, vol. xii., p. 470. 
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takes place in the field distribution of the induction. They help 
to maintain a high induction in the trailing pole tips, and 
keep down the induction in the leading pole tips. The iron 
in the core of the armature is being carried through a complete 
hysteretic cycle at, each revolution. The iron in the pole tips is 
carried through an hysteretic loop with the passage of each tooth 
across the pole-face. At the leading pole tips, the magnetism in the 
core iron is always working on the descending portion of the curve 
of hysteresis, and the reluctance of the magnetic circuit by the 
leading pole tips is increased accordingly. At the trailing pole 
tips the iron is worked on the ascending side of the hysteretic 
curve, and the reluctance of the path by the trailing pole tips is 
thereby reduced. The same magnetizing force, therefore, acting 
upon the two paths, induces a distorted field when the armature 
is running, and a symmetrical field when the armature is at rest, 
as shown by curve a and the dotted curve of Plate 7. The latter 
curve was obtained by exploring the air-gap distribution of the 
flux by the ballistic method, using the exploring coil wound over 
coil 1, and breaking the field circuit. 

The activity displayed by the eddy currents in heating up the 
pole tips is quite remarkable. The curves b and a of Plate 8 
indicate the rise in temperature of the leading and trailing tips, 
respectively, throughout a two hours’ run. The readings were 
taken from thermometers fastened directly to the pole-pieces. 
The curve c is a curve of differences derived from curves a and 
b, and it indicates how very much more rapidly than the tem¬ 
perature of the leading pole tips the temperature of the trailing 
pole tips rises during the first twenty minutes of the run. Their 
differences in temperature after that time is practically constant. 
The curves plainly indicate that much greater magnetic disturb¬ 
ances occur in the leading pole tips than at other points in the 
pole-faces. The thermometers had to be fastened to the back of 
the pole tips during the test; had it been possible to place them 
in contact with the air-gap face, more rapid changes would doubt¬ 
less have been recorded. During the test the field coils were 
excited with a current of 10 amperes, and the armature was 
loaded to about 5 amperes. At the end of the run, the tempera¬ 
ture of the armature was 42 ^ C. 

As the artnature core has sixteen teeth, or four per pole face, 
we may expect harmonics as high as the ninth to play a promi¬ 
nent part in the wave structure. 1 The general form of the internal 

1. 0. P. Steinmetz, Transactions, Vol. xii, p. 475. 
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electromotive force curve a is indicative of the fifth harmonic; 
the side peaks have been sharpened, however, by the upper har¬ 
monics, and the central one somewhat broadened by the third. 

The wave form of the electromotive force induced in the 
armature when the machine is loaded depends upon the char¬ 
acter of the inductance curve of the armature coils. As already 
explained, the effect of the teeth upon the inductance curves is to 
introduce harmonics and cause irregularities in their contours. 
Practically the same number of harmonics are prominent in all 
the electromotive force curves, although the armature inductance 
has the effect of smoothing out the irregularities by giving the 
third harmonic greater prominence, and diminishing the effect of 
the higher harmonics. As the current rises and the magnetizing 
power of the armature becomes apparent, the harmonics intro¬ 
duced into the circuit by the variable inductance grow in ampli¬ 
tude. They combine with the harmonics of like order of the 
fundamental wave, and an electromotive force curve results that 
is compounded of a series of harmonics that depend upon the value 
of the armature current for their amplitude and phase positions. 

A very small amount if any of the change in the form of the 
effective electromotive force waves is due to any departure of the 
original no-load wave of field flux from its initial wave form. In 
fact, to all practical intents and purposes the pulsations that occur 
in the magnetic reluctance of the field circuit are sensibly of the 
same intensity at full load as they are at no load. In other words 
the changes that occur in the permeance of the core of the 
armature as the load varies do not appreciably alter the permeance 
of the field circuit. The fundamental wave of magnetism and of 
electromotive force may therefore be regarded as always being 
present, if not always tangible. 

Where alternating current generators are operated on circuits 
having a constant resistance for constant conditions of load, the 
disturbances that modify the form of the electromotive force and 
current waves can be attributed to the cyclic variations in the 
inductance of the system, and when these are known within a 
fair degree of approximation the character of the wave modifi¬ 
cations that will result can be determined. 

In the development of the experimental results contained in 
this paper the dynamo was loaded by inserting sets of incandes¬ 
cent lamps in the external circuit. A special point was made of 
keeping the external circuit entirely free of any inductance. The 



298 


GOLDSBOROUGII ON ARMATURE INDUCTANCE. [July 27, 


current curves are therefore necessarily proportional to the elec¬ 
tromotive force curves. However, to make their relative value 
and form more easy of appreciation, they have been plotted and 



ie shown in Plate 9. The inductance curves of the coils that 
correspond to the alternating current curves are given in Plate 10. 
These curves were determined by selecting from the curves of 
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Plates 4 and 5, inductance values corresponding to the instan¬ 
taneous values of the current curves and plotting them to the same 
degree positions. 

It is noticeable, owing to the different scales used in plotting 
the curves, that the current curves seem more even and smoother 
than the electromotive force curves. 

The inductance curves also are more nearly alike, both in phase 
and in amplitude, than the curves given in Plate 3. This is owing 
to the fact that the alternating currents all start from, and end at 
zero values when the coils are in positions of slight inductance, 
while they attain their maximum values at points of large induc¬ 
tance. For this reason the average inductance per cycle of the 
coils, is greater with an alternating current flowing in them than 
with a direct current of the same effective value. The alternat¬ 
ing currents, for analogous reasons, force the induction curves up 
to the saturation limit marked by curve g of Plate 3, more rapidly 
than do the direct currents, and therefore for the same variation 
in effective current strength a less marked variation is caused in 
the inductance curves with these currents. The curves of Plate 
3 certainly lead us to expect a greater variation, relatively to cur¬ 
rent intensity, in the armature inductance when the armature is in 
actual operation than that which is depicted in Plate 10. 

It is a curious coincidence that the alternating current induct¬ 
ance curves all cross at a common point: namely, at the 164° 
position. 

Counter Electromotive Force 1 Curves. 

Having the instantaneous current and inductance curves corre¬ 
sponding to a series of loads on the machine, it was a compara¬ 
tively easy matter to determine the curves of the counter electro¬ 
motive forces developed in the armature. To obtain a curve 
showing the cyclic variation of the induction set up in the coils 
by the armature current it is only necessary to plot the products 
of the ordinates of corresponding points on corresponding current 
and inductance curves. Such a set of curves obtained from a 
combination of the curves of Plates 9 and 10 are given in Plate 11. 

If n represents the total flux that is induced in both coils by 
the armature current, divided by 10 8 ; l represents the inductance 

1 . In this paper the term counter e. m. f.” is used to indicate the e. m. f. 
which added to the effective e. m f. will equal the fundamental e. m. f. Ine 
■counter e. m. f. is therefore equal and opposite to the inductance e. m. f., or the 
.E. m f. of self-induction. 
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since l is a variable. Therefore, the counter electromotive force 
developed in the coils equals 

In Plates 9, 10 and 11, we have the necessary curves for de- 
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;ermining the instantaneous values of the counter electromotive 
force corresponding to any degree position by applying the prin¬ 
ciples underlying either of the above expressions. Both methods 
were used and were found to check within narrow limits. In 
Plates 12 and 13, the curves marked a have been taken from 
Plate 1L The ordinates of the curves marked b are equal to the 
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tangents of the audios made with the horizontal axis bv linos 
drawn tangent to the a curves at the extremities of corresponding 
ordinates. The n curves are the calculated curves of counter 
electromotive force developed in the armature. The dotted 
curves were obtained bv subtracting curves i> and n of Plate b 



Plate 12 


from curve a of Plate b, On the assumption that the funda¬ 
mental electromotive force wave of the machine does not change 
wiHi the load, the dotted curve should also represent the counter 
electromotive force curve of the armature, and, in fact, the two 
curves should coincide. Plate 12 represents the poorest, and 
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Plate 13 one of tlie best results obtained from the application of 
this construction to each of the five sets of curves taken from the 
dynamo. When the fact is taken into account that the induc¬ 
tance of the coils was determined when the armature was at rest,, 
the likeness between the dotted and the full curves is quite re¬ 
markable, and apparently justifies the assumptions that have 
been made. The counter electromotive force curves are highly 



irregular in form. They oscillate from the positive to the nega¬ 
tive value twice in a period instead of once, and are generally 
useful in filling up gaps. As shown, the curves represent the 
halves of one of the positive and of one ot the negative loop*, 
in other words, the half period of the curves lies between the 
350° and 170° positions, and not between the o0° and 2 0 posi- 
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tions. This will bo made more evident by a reference to curve o 
of Plate IS. 

The whole series of inductance curves, as obtained by the sub¬ 
traction method, are plotted in Plate 14. This assemblage shows 
that the curves follow one another in regular order in spite of 
their lack of symmetry, and it is interesting to note the receding 
of one and the building up of another u hump ” in these curves, 
as illustrated at the lower left hand edge of the sheet. 



PliATK 14. 


1 late la iepresents another phase of the subject. The curves 
traced in the fine black lines are the results of adding the calcu- 
lated electromotive force curves determined by the means illus¬ 
trated in Plates 12 and 13, to the corresponding effective or ex¬ 
ternal electromotive force curves of Plate «. They show the 
result of an attempt to work back from the effective electromotive 
force curves, or from the wave form of electromotive force 
appearing at the collector rings when the machine is loaded, to 
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the fundamental electromotive force wave or the electromotive 
force wave appearing at the collector rings when the machine is 
running on open circuit. 

The curve a, reproduced on this plate for comparison with the 
curves just mentioned, is the same as curve a of Plate 6. The 
agreement between the curves is marked. The derived curves 
show the greatest departure from the fundamental curve early 
in the cycle, between the 70° and the 110° positions. This 
is due to the fact that the initial “ hump ” at the 90° posi¬ 
tion of the induction curves was not developed with sufficient 
care. A very slight change in the contour of the induction 



curves at this point makes a great difference in the form of t e 
counter electromotive force curves, owing to its effect in altering 
the direction of the tangents drawn to the magnetization cuives 
of Plate 11. On the whole the likeness between the curves is 
well within the limits of the errors of observation. 

Derivation of Current Curves. 

Another interesting set of curves is shown in Plate 16. The 
success attained in working out the counter electromotive force 
curves, led to a series of calculations to determine to what extent 
the form of the current curves was influenced hv the shifting o 
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the phase of the inductance curves with the load. To this end 
an average of the inductance waves a., b, c, d and e of Plate 8 
was taken to represent the average inductance wave of the arma¬ 
ture for all loads. This curve is shown as curve b of plate Id. 
With this curve and the fundamental electromotive force w r ave a, 
lorming a basis for calculation, the current that will how with any 
given resistance in the circuit can be readily determined, provided 
that the curve b is taken to represent all of the variations that 
occur in the armature inductance. 1 The relation existing be¬ 



tween the impressed electromotive force, the current and induc¬ 
tance in any alternating current circuit similar to the one under 
discussion is expressed by the equation 


*b —|— 


There e , i and 0 _ A ^ 


d JS 

TT’ 


(«) 


s 


-j are, respectively, the instantaneous 


1. Steinmetss, On the Law of Hysteresis.” Transactions vol xi t> 574 
In this article the author calls attention to the solution of a problem that t 
analogous to this. one, differing from it only to the extent that he works liom 
an assumed sinusoidal inductance-electromotive force and a circuit of negligible 
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values of the impressed potential, current, and the magnetic flux 
induced by the current, and R is the resistance of the circuit. 

Since JV = L i, as above, (see equation 1), in the present case 
we have; 

* = Ri + L rt + i m- (7) 



Bv applying this formula to the curves of Plate 16, and follow¬ 
ing out a graphical construction, the successive instantaneous 
values of the current were finally determined, although in accom¬ 
plishing this result the current curve e, which was the outcome 
of the process, had to be carried through successive cycles until it 
repeated itself. 

The values of (were taken from curve b. The ordinates 

\dt} 


of the curve a were then divided by the corresponding values of 


7 T 

R (LP and these quotients, when plotted, gave the curve e. 


d t 


1ST ext, referring still to Plate 16, a point, as for instance was 
taken, that was thought to lie near the current curve, and the 
line (j/ r) drawn. From {r r ) the line 



was laid off and (s ' j>') drawn. Now from the assumed position 

o{ t, , , , , ,. 

p r _ p r __ d % 

' dl’ 


r' d 


_ L 

£ + 


d L 
d t 


(in 


and Q/ s') established the direction of the current curve, since 
from equation (9), 
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and 


<• 


dl 
d t 


A* 


d 1. 
di 


f 1 

' A?- j- 


1 . 1 ) 


d I. 
d t 


and therefore!, 

(// >•’) approximated the value of 


A' 


d A 
d t 


11 ) 


% hiking another point/; on // s',and rout inning the construc¬ 
tion, a chain made up of short lengths was obtained which 

ultimately developed into the periodic wave r, for which the 
values of 


P r 


A'-1 


d A 
<{ t 


( 15 ) 


I lie graphical construction used is not new, It. is an adaptation 
ol one of I )i\ SumpnerV unique methods of t r<*atin^x altt»rnat in<r 
current problems, and I have developed it hen* simpl v as a matter 
of interest in connection with the discussion. 

Returning to the curves, it is noticeable that the dotted eurve 
o resembles the current curves of Plate b very closely. (ompar- 
in^ it with curve i>, which is a current curve taken from the 
machine, with 55 ohms resistance in the complete circuit the 
chief difference noticed is that tin* right hand peak of the dotted 
cm ve is a little high, and the* lei! hand peak a little low, and 
that the cm ve as a whole is somewhat, depressed below the curve 
n. The differences between the curves are, however, not very 
marked. 1 hey result largely irom the curve a having a less am¬ 
plitude and smallei slope than the: alternating current inductance 
curves of Plate N, since it is derived from the direct current induc¬ 
tance curves of Plate ;>. 

j he construction mdKnifes a method that can be employed with 
success in determining before tin* machines are built, the wave 
forms that will be developed by alternators. It Is possible to 
predetermine the fundamental electromotive force and in¬ 
ductance waves ol an alternator, by the application of modern 

JUMP*# <* hfifl iH* W 0 w -V> m!i ^ & 

1. Di\ W. IS, Bumpnor, Philosophical Magazine, June, 1887, p. 470, 
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methods of design, and from these the load curves and armature 
reactions can be ascertained by processes analogous to those 
shown here. 

I f in the present case it had been desired to calculate the actual 
current curve with great exactness, an extension of the method 
used could have been employed. This elaboration necessitates 
taking the inductance values from Plates -4 and 5, as each point 
on the current curve is fixed. The process represents a refine¬ 
ment, however, that is hardly warranted in view of the good 
approximations resulting from the use of the less tedious plan. 


O VER-COMPOUNDIN Or. 

It was noticed during the test that the armature reaction caused 
an increase in the total effective potential for certain ranges of 

load 

This phenomenon has been noted by other writers, and in Ins 
paper before the Institute, already referred to, Steinmetz 
pointed out an explanation for it. Curve a of Date 1t is the 
external characteristic of the dynamo, with constant field excita¬ 
tion, and coils 1 and 2 alone in action. The curve was plotted 

from the readings of a Weston voltmeter and a Siemens dynamom¬ 
eter connected in the external circuit. The load was a non- 
inductive one, and the speed of the dynamo averaged 1 4oU 
r. p. m., which is equivalent to a frequency of a little om 24 

Pe The S line Represents by its slope the resistance of the two 

t • ] XTC . C rUifpined from the sum of the 
coils, and curve b, which was obtained nom 

ordinates of the curves a and , e B 

characteristic of the coil. It will be noticed that the cune 

“ over-corn pounding effect up a load cl i 

that the total effective .. M. p. was a .n.ximnm to. • t.ne.t 

4 SrS.T " arinature reaction." as used above, is no. intended 

to convey the idea that the current in the coils has anj effect m 
to convey l m+PTisitv of the flux passing through 

varying or modifying the intensity o t l » . 

the field spools. The t alced i.v ihe tinn vvldeh if 

purely a local one, an ue p ail( j armature core, 

induces are confined to the a.u- e ap• , P the flux density 

The influence of the j; ible , L a careful explora- 

in the cores of the field spool ^ ® nerfectlv con- 

tion established the fact that the held carrent was pe. feeds 

stant. 
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The compounding action of the armature currents in augment¬ 
ing the effective voltage is a matter with which you are doubtless 
familiar. As a matter of interest, however, and in order to pre¬ 
sent a better picture of the wave forms involved, a series of curves 
has been plotted, that includes the power curves, and enables us to 



more readily appreciate the cycle of events that combine to pro¬ 
duce this result. In Plate 18, curve a is the fundamental e. m. f. 
wave; curve b is the total effective e. m. f. wave and also repre¬ 
sents the instantaneous values of the current; and curve c is the 
counter e. in f. wave. Curve n is the power curve of the ma¬ 
chine determined by taking the product of the corresponding in- 
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stantiuieous values of the current and the fundamental k. m. f. 
curve. Curve e is a power curve obtained by taking ihe product 
of the corresponding values of the current and the counter e.m.f. 
The power curve of the total power developed by the machine, 
and which is proportional to the product of the corresponding 
values of the current and effective n. m. f. curves, is not plotted, 
as its ordinates are proportional to the square of those of curve b. 
and equal to the vertical distances intercepted between the power 

curves o and e. 

It will be noticed that the power area inclosed between the 
curve is and the base line changes sign four times in a complete 
period, owing to tire irregular form of the curve e, and that the 
sum of its positive and negative areas is not zero, but equal to a 

negative quantity. 

Positive work done by the counter e. it. f. indicates power ab¬ 
sorbed from the circuit. The energy consumed in overcoming 
the hysteresis and eddy current losses in transformer cores is a 
familiar example of this fact. Negative work performed by tne 
counter k. m. f. m the same way represents power given to the 
circuit. In the present instance the negative area is due to a 
peculiar combination of irregular wave forms, im o ung it m 
ductance curve, the current curve, the curve ot the magnet 
inducing the counter e. m. f„ and the curve o counter e m. k 
T he peaks of all the curves are shifted more and limit 1 _ 

reetkm of rotation as the load comes on, but some are gn eu a 
greater displacement than others. The peak of the cm ten <•»>'u. 
for instance, lags behind the peak of the mducttu e cnmU,, 
otlier words, the current is a maximum nlien t 
least. This results in the production o « . ’ '"llnves 

self-induction that is in „,id- 

a wave of magnetism >n .e a » > ail d current curves. 

ST relationships can. he followed out be comparing 

Plates 10, 9 and 11. The wave ^ „„ 

a, Plate 11) induce. a curve ot mduoum^ rf ^ tk ,„ 
effective phase displacement oelnnd of the c ,mer 

90". This makes the i»> - to 

B.M. F. curve lour- **^ ^ , lleret ore the product ot 

90° m advance ot the coullter K . M . f. and current emves 

the instantaneous values of t t} area It is rather 

gives a power curve having an excess negatne a.ea. 
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difficult to estimate the phase position of a wave that has an out¬ 
line as irregular as that of the curve e of Plate 18, but it is best 
approximated by noting the location of its greatest positive area, 
ami this, in the case in hand, is early in each half period. 

Conclusions. 

An inspection of curves b and d of Plate 18 shows that any 
decrease in the maximum slant of the curves of Plate 11 will de- 
ciea> ' e fhe amplitude of the 200° peaks of the counter n. m. f. 
curves, and thereby decrease their form factors, and at the same 
time decrease the form factors of the effective k. m. f. curves. 
This is what occurs in the case of curve i> of Plate 11, owing to 
the great amplitude of the inductance loop fora value of the cur¬ 
rent of two amperes, which also accounts for the drop in the 
" form faetor eurve ” of Fig. 6. This curve represents the form 

0- (1 , " 1 —: _ 

.■ - - j—: - i-r-T—f-4-M—1—I -| j-i. j.hj- h-h.4 1—J r 1 
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Fig. 6. 

If e pTl of u th i PJate 6>aud of the current cu™* 

of Plate 8 plotted relatively to the virtual value of the current 
owing m the coils at the time the curves were taken. The form 
actors, have been calculated according to Fleming’s 1 definition 
whmh 1S that the term factor equals the ratio of the square root 

^ “ ° f ** ™ true mean 

fictor ° f the indUC ; tanee ° f tlle coils u P° n form 

10. °Thev 1,' * T C ™ ° f ^ 

fnf m * , same width of base, but vary in ampli- 

“ - C T S having the ^^ « 

hi the effik ° rable t0 " krge armatU1 ' e inductauce ^e flowing 
Electrician, voT.'xx’xvi^p 6 888.™ Paotor of Alternate Current Curves.” London 
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It is noticeable that the right sides of the curves of Plate 10 
all have the same slant. They therefore produce counter e. m. f. 
loops, having similar shapes (see Plate Id). On the other hand, 
the left sides of these curves vary in shape, owing to variations 
in the reluctance at this part of the cycle. Greater variations, 
therefore, occur in the instantaneous values of the counter e.m.f. 
induced in this part of the cycle than in the former part, with 
the result of increasing the form factor where the induction curves 
corresponding to the current curves are relatively low and broad, 
and of decreasing the form factor of the counter e. m. f. curves 
where the inductance curves are narrow and high. 

Again, since the maximum peak of the effective e. m. f. curve 
is opposite in sign and position to the leading peak of the corres¬ 
ponding counter e. m. f. curve, and since the sum of these peaks 
must not be greater than the adjacent peak of the fundamental 
e. m. f. wave, we see that an increase in the form factor of a 
counter e. m. f. curve causes an increase in the form factor of the 
corresponding effective e. m. f. curve, and vice versa. That the 
changes in the form factor of the effective e. m. f. curves are ap¬ 
proximately directly proportional to the mean width of the in¬ 
ductance loops, and inversely proportional to the amplitude of 
the inductance loops. These conclusions are amply sustained by 
the data presented. 

The variations that take place in the value of the armature 
inductance when the load is increased, lead us to expect that there 
is a proportionally greater increase in the value of the counter 
e. m. f. as the current passes 2 amperes in value. An accelerated 
increase in the counter e. m. f. would have the effect of making 
the compounding proportionally greater, for it would add a pro¬ 
portionately greater amount of energy to the circuit, owing to the 
fact that although the amplitude of the counter e. m. f. is increased, 
its phase position remains practically the same. That a positive 
acceleration does occur in the rate of increase of the counter e. m. 


f. is true, and also, that this is followed by a negative acceleration. 
The value of the counter e. m. f. depends upon the intensity of 
the current, and increases as the current increases. It, however, 
does not increase at a rate that is proportional to the rate of in¬ 
crease of the average intensity of the current, for its value also 
depends upon the armature inductance which first increases to a 
maximum and then decreases, as is shown by the curves of Plate 
10, We, therefore, find that as the average intensity of the arma- 



312 GOLDSBORO UGH ON ARM A TUBE IND UG TANGE. [July 27, 


ture current is uniformly increased, the counter e. m. f. experiences 
a proportionally greater rate of increase up to a certain point and 
that after this point is passed, its rate of increase is diminished. 

This means that as the load comes on, the value of the effective 
electromotive force increases above the value of the fundamental 
wave for a time. For from the relative positions of the 
highest peaks of the curves b and o of Plate 11, it will be evident 
that any increase in the virtual value of the counter e. m. f. 
will cause the virtual value of the effective e. m. f. to increase 
also, and any increase in the virtual value of the effective 
E. m. F. above the virtual value of the fundamental wave of 
e. vi. f. raises the potential at the brushes. The fact that 
the virtual value of the effective e. vr. f. finally falls below that 
of the open circuit e. m. f is due to the ultimate gradual decline 
in the armature inductance wave and a consequent change in the 
form of the counter e. m. f. magnetization curve, which reduce 
the amplitude of the leading peaks and augment the amplitudes 
of the trailing peaks of the counter e. m. f. curves. This effect 
is apparent in curves d and e of Plate 14. 

x\s exemplified in the curves of Plate 7, we find that the maxi¬ 
mum induction threading the armature coils occurs when the 
form factor is least, and the armature inductance greatest. Again, 
the analysis of the forces involved shows us that the point f on 
the form factor curve of Fig. G, and the point t on the “b & n 
curve” of Fig. 5, are intimately connected. 

The double role played by the permeability of tlie iron of the 
armature core and pole-pieces, and the importance that may be 
attached to the permeability of the iron under favorable, condi¬ 
tions is forcibly brought to our minds. We are enabled to see a 
little more clearly the complex relations of the interlinked forces 
that act and react upon one another in the conflict of the air-gaps, 
and there is established a basis for the analysis of a problem that 
has been more or less obscure. 

Purdue University, Lafayette, 2nd, 

June , 1897. 
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Discussion. 


The Chairman [Vice President Steinmetz]:—This paper has 
been very interesting to me in-so-far as it gives one of the various 
effects taking place in the armature of an alternator separate from 
the others. Here we have an alternator having a very strong self- 
induction in the armature, with practically no armature reaction, 
that is no magnetizing effect of the armature on the magnetic 
field. You see here separate from all the other effects that of the 
self-induction and of the variation of self-induction. A very 
interesting feature is that the self-induction under these circum¬ 
stances is not a wattless electromotive force, but that there exists 
an energy component of self-induction. Thus this paper brings 
experimental facts for a feature to which I drew attention some 
time ago, that under such circumstances an alternator without field 
excitation can yield electric power by the energy component of 
self-induction or can run as a synchronous motor, the energy com¬ 
ponent of self-induction yielding mechanical power. I may remark 
that besides this self-induction discussed here, the main phenom¬ 


enon taking place under load in an alternator is armature reac¬ 
tion ; that is the magnetic action of the armature currents on the 
magnetic circuit, and under circumstances a fluctuation of the 
magnetic reluctance of the field. In modern alternators usually 
armature reaction preponderates over the self-induction of the 
armature to such an extent that very frequently the armature 
reaction is three or four times larger than the effect due to the 
armature self-induction. Mostly, however, the self-induction is a 
very important factor also, and is dealt with very completely here. 

Mr. G-ano S. Dunn It is not quite appropriate to the paper, 
but I have been interested in making measurements of the self- 
induction of direct current armatures, and if Prof. Goldsborough 
has made any observations on the self-induction of a coil in the 
neutral space and under a pole-piece, it would be^ very interesting 
if he would state what he finds the relative self-inductions to be. 

Prof. Goldsborough :—I have not made any determinations 
of the character of the variation of the inductance of separate 
coils of direct current machines, but 1 think you will find that 
the variation of self-induction as shown in this paper dealing with 
the Brush machine, is practically the same. Since the teeth on 
this machine are very large, they produce an effect simply magni¬ 
fied over and above what it would be in the ordinary direct cur¬ 
rent machine. If you move two teeth of an armatuie fiom under 
the pole tips into the neutral space, you will find there will be a 
variation in the coefficient of self-induction of the coil between 
them, that is practically the same as that shown in this paper. 
The curve of self-induction would be a little flatter at the top m 
such a machine, than in the machine I experimented pn. In all 
probability, supposing this to be one pole of our machine and tins 
another (illustrating), the curve of variable self-induction of a coi 
would be a very flat-topped curve for points immediately under 
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the pole-faces and would become small again as the coil passed 
between the poles. 

# Mr. Dunn:—As I followed the paper this morning, the coeffi¬ 
cients of self-induction were measured separately and without the 
influence of the mutual induction of the other coil. 

Prof. Goldsborough :—That is true. 

Mr. Dunn : —Does this coefficient that you speak of include 
the mutual induction of the other rings of the armature ? 

Prof. Goldsborough :—ISTo. 

Mr. Dunn :—My experience is that that very greatly modifies 
self-induction. 

Prof. Goldsborough :—It does. 

Mr. Dunn :—Therefore the results which were obtained with, 
a single coil could not be expected to suffice for a coil under the 
actual conditions of direct current commutation. 

I rof. Goldsborough :— That is true. The machine which my 
paper discusses, gives the characteristic variation between the cur¬ 
rent and the electromotive force appearing at the brushes shown 
in Plate 1 <, where only one pair of the armature coils is active. 
On the other hand, this same machine operated with all the arma¬ 
ture coils connected in series, develops about 500 instead of 190 
volts, and develops a characteristic which bends over a little bit 
moie and then goes straight down, so that you have perfect regu- 
iation for constant current between about 300 volts and zero volts. 

ith all the coils connected in series and to collector rings, this 
machine can be short-circuited while carrying its maximum load, 
and the needle of the electro-dynamometer registering the current 
(which will not exceed 10 amperes) will not vary at all. The self- 
induction of the armature is increased approximately as the square 
ot the number of the conductors as you take in the mutual induc- 
ion oi the adjacent coils. Just as you said, the mutual induction 
modifies the action of the machine considerably. 

■ T, he G i^ iema 5 --V 0 not tllink tliere is an J great difference 
m tlie self-induction of a single coil and the self-induction of the 

cod as _a part of the whole armature, including the mutual induc- 

tion with neighboring coils, provided the conditions are such as 

tltinn bf Tf the ca m a continuous cun ’ent machine under commu¬ 
tation It would be different indeed if the current reversed 
simultaneously in a number of coils in series. 

There is, however, a very essential difference in the self-induc- 
ST™? ^mutation of a continuous current machine and that 
g en here. If you take a continuous current armature and mea- 
™ re 4 i e self-induction of a coil by the method of reversals or by 
y other means, say by sending alternating currents through if 
you find the value of self-induction larger than it is unde^com- 

miel if n feemencf CU ^ ent f maehirie > d « e *>the very great differ- 
f frequency. The frequency of commutation of direct 

cui rent machines usually averages 400 to 800 cycles. For these ’ 

frequencies the held structure which is in the magnetic circuit of 
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the commutated coil, is practically short-circuited. There is prac¬ 
tically no commutating flux passing through the field, hut all the 
{lux passes through the air gap across the top of the slot. There¬ 
fore the real self-induction of commutation is less than the self- 
induction measured at; low frequencies where the magnetic flux 
changes in the whole magnetic structure of the machine. 

Mu. I >r x n ; -The extremely high frequency in the direct cur¬ 
rent machine undoubtedly affects the coeflicients of self-induction, 
although 1 have never measured it to bring out the point that you 
just made; but I do not see how the mutual induction can be so 
small a factor. I look upon the conditions as these: Ail iron 
core with two windings, one of which is the main part of the 
armature winding, connected with the constant potential circuit, 
and the other a short-circuited coil under the act of commutation. 
When the current reverses in the single coil the effect of mutual 
induction will be to send current through the rest of the winding 
out into the mains. Did I understand you to say that the mutual 
induction had a very small effect? 

Thk ( hi airman In an ordinary direct current armature, with 
closed circuit drum or ring winding, if two coils commutate 
simultaneously or even in succession, and these coils lie in the 
same slot, thus having the same magnetic circuit of self-induction, 
then then* is a more marked mutual inductive effect, which may 
ho either helpful for commutation, or more commonly objection¬ 
able. If, however, not more than one coil at a time commutates 
in the same slot, I do not think there can be much mutual in¬ 
duction. 

Mr, Dunn:- - Lotus suppose that on the armature there are 
thirty coils and one is undergoing commutation. The resistance 
of the others would be twenty-nine times the resistance of the 
coil under commutation, hut if the coefficient of mutual induction 
were high enough, a current as large as twenty per cent, even of 
the current in the commutated coil might How. 

Thk Chairman:* - Yes; but these coils are not individual coils 
closed upon themselves, but are in series, and are spreading over 
the whole surface of the armature in such a way that in apart of 
the series turns the k. m. v\ of mutual induction is equal but op¬ 
posite to that in the other part, so that the resultant effect is zero. 

Mr. Dunn: — I look upon them as being in series with each 
other, not over the whole of the armature, but over the two halves 
of the armature in multiple, and in series with the generating 
dynamo. The path of the current generated by mutual induction 
would be up one-half of the armature into the main, through the 
generating dynamo into the left half of the armature, and not m 

a complete circle around the armature. 

Thk Chairman :—1 do not think you will find much, because 
in a symmetrical magnetic structure the resultant effect of mutual 
induction must necessarily lie zero, and thus only due to a lack or 
symmetry, mutual inductive k, m. Cs could be produced m tne 
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armature outside of the commutated coil, but since you have the 
whole resistance of the generator in circuit, I cannot see that you 
can get a noticeable effect; I never noticed any. 

Mr. Dunn :— I understood you to say that you had measured 
it. My question was as to what the values were. I have not 
measured it but I have always thought it was large. 

The Chairman: — I have never measured it accurately. The 
only measurements I made were approximate. I measured the 
self-induction of the continuous current machine under commu¬ 
tation with ordinary alternating current frequencies, and then 
with frequencies varying from 500 to 1000 cycles per second and 
found very much lower values in the latter case, which brings me 
to the opinion that the lack of responsivity of the magnetic circuit 
reduces self-induction. 


The following paper on “ Electric Metering from the Station 
Standpoint” was then read by Mr. Caryl D. Haskins: 


A paper presented at the 14th General Meeting of 
the American Institute of Electrical Engineers , 
Eliot , Me. % July 27th , 18Q7. Vice-President 
Steinmetz in the Chair. 


ELECTRIC METERING FROM THE STATION STAND¬ 
POINT. 


BY CARYL I). HASKINS. 


It lias occurred to me that in presenting a paper to the Insti¬ 
tute upon such a subject as that which I have selected, I may 
appear to have departed too entirely from the technical side of 
■our profession, and to have selected a line of argument which 
would have been more appropriate before a more commercial 
body. But in my opinion such is not the case, for I find that 
almost every merit, in, or objection to metering apparatus, or in 
connection with the use of it, is dependent upon some point in¬ 
volving engineering skill. 

The general adoption of the electric meter is in itself an en¬ 
dorsement of the precise methods which characterize engineering 
practice. It is, indeed, a well established fact to-day, well borne 
out by data from widely separated portions of the country, that 
the average electric lighting station can do one-third more busi¬ 
ness with the same station capacity on a meter basis, than it could 
upon a contract basis,under what were nominally equivalent con¬ 
tract rates, netting at the same time the same revenue per light 
as formerly. In other words, it is apparently well established 
that 33^ per cent, represents the average wastefulness of average 
human nature in connection with the use of light. 

I 11 many central stations to-day, I find that, whilst managers are 
almost universal in favor of an exclusively meter basis, a large 
proportion are still in ignorance as to what qualities they should 
seek and what they should avoid in selecting a meter. 

In response to an inquiry as to what merits in a meter are nec¬ 
essary to success, a common reply is, accuracy, durability, regis- 
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tration in a simple unit easily comprehended by the customer, and 
ability to withstand tampering. These points are probably of 
importance in about the sequence in which they are commonly 
stated; but they are too sweeping, too entirely generic and too 
slightly specific to be in any high degree helpful. 

Let us, for example, consider the broad question of accuracy. 
A meter, which will be accurate under commercial conditions 


from quarter load to full load within T \ r of 1 per cent., or a meter 
which will start on L per cent, of its rated capacity, are neither 
of them necessarily either the most accurate or the best for general 
commercial use. This latter point is one which is frequently 
raised. The fact that a meter will start on 1 per cent, of its rated 
capacity is in reality no sure criterion of the accuracy of that meter,, 
even on light loads. It is not necessarily even good evidence; 
yet I find that in very many cases this is almost the only test ap¬ 
plied to meters at the time of purchase. The percentage of accu¬ 
racy at light loads is very important, more important, I believe, 
than is commonly appreciated ; but I am perfectly safe in saying, 
that a meter which will run within 5 per cent, of zero error on 
5 per cent, of its rated capacity may readily be a much better 
meter, even though it will not run at all on 1 per cent, of its 
rated capacity, than one which will run on 1 percent, of its rated 
capacity but in regard to which no evidence is at hand as to its 
percentage of accuracy at reasonably low loads. 

Ability to start on very light loads is certainly an indication of 
merit and is important, but it is not nearly as important a point 


to determine as is the lowest load at which a meter begins to 
register with fair accuracy. I have inspected a very large number 
of meters which would start on phenomenally low loads and 
which would yet fail to give anything like approximate accuracy 


at reasonably low loads. 

In considering the question of accuracy, therefore, the first two 
steps should he to determine the accuracy of the meter by actual 
measurements at full and medium load; and also at a reasonably 
low load; say, for example, 5 per cent, of the meter’s rating. 

That, low load accuracy is really of vital importance is well 
shown by the fact, that with the average 24-hour station, in 
the neighborhood of 15 per cent, of the total station output goes 
to feed one and two lamp loads. Yet in the face of this I have 
seen large installations of meters reported as entirely satisfactory, 
tested with frequency and care under admirable systems, but only 
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at full or medium loads, and yet failing to account for more than 
50 per cent, of the one and two lamp loads, or in other words, los¬ 
ing to the illuminating company an average of probably 7-J per 
cent of the revenue which their measured station output should 
give them, after deducting for legitimate losses. 

Granting that, having determined the actual percentage of 
accuracy obtainable at light, medium and full loads, a very import¬ 
ant and in fact probably the most important evidence as to ac¬ 
curacy has been obtained, there still remains much information 
of vital importance which should be sought and which, should 
materially influence a decision. 

One point which is very commonly neglected, but which is, 
nevertheless, quite essential, is the ability of a meter to give 
accurate results for brief periods on overloads. This is a point 
at which many meters fail, and it is also a point which, odd as it 
may seem, is intimately related to light load accuracy. It may 
be "laid down as a rule, that in station operation the smallest 
meter which will do the work should always be used. Other¬ 
wise, however good the meter on light loads, much of the light 
load revenue must be lost iu the effort to take care of occasional 
heavy loads. Extremely heavy loads are generally of brief dura¬ 
tion,* and on these loads a meter should operate with accuracy and 
also without injury to itself. This, therefore, should be an early 
point of investigation in selecting a meter. 

On alternating circuits, inductive loads are becoming commoner 
every day. The wider nse of fan motors and other alternating 
power devices, the rapidly growing popularity of alternating cir¬ 
cuit arc lamps, and the commoner use of inductive dimmers, all 
render it essential that a meter should be accurate irrespective of 
the power factor. The company which insists upon charging its 
patrons for power delivered to fan motors on a basis of volt- 
amperes, is obviously rendering itself unpopular, greatly limiting 
its business and giving its competitor, or competitors, the best of 
opportunity for intruding; yet many such companies exist to-day, 
and they exist not because they are following a w T ise policy in 
their own estimation, but because they are ignorant of what they 
should look for in the meter which they are using. 

Again, there are few electric light stations to-day of any con¬ 
siderable size and age which are not operating some smooth core 
and some tooth core alternating armatures. It is, theiefoie, im¬ 
portant that the meters in service at such stations should be 
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equally accurate on any shape of wave ; yet many meters fail in 
this particular; and seldom, if ever, is the point made a subject 
for investigation in selecting measuring apparatus. 

This same consideration holds good in connection with fre¬ 
quency, and this is a point which it is difficult to overcome in 
most metering devices; but it is one which should be earnestly 
sought and which is of importance both to the station and to the 
consumer. 

Even after this long list of points which must be investigated, 
as contributing to the broad question of accuracy, there are others 
which also merit consideration, but to a less degree. Such, for 
example, as barometric conditions (more especially altitude), tem¬ 
perature and humidity. These all have direct bearing upon the 
question and all enter into the every day conditions of central 
station practice. 

Summing up the question of accuracy, we may say, therefore, 
that the following points should be investigated with care. 

Ordinary volt-ampere accuracy; 

Accuracy on inductive loads ; 

Accuracy on varying wave forms : 

Accuracy on overload ; 

Accuracy on varying frequencies ; 

Influence on accuracy of variations of temperature, barometric 
conditions and humidity. 

The second point, which is commonly given consideration in 
the selection of a meter, is that of life. This is a question which 
must depend more upon good judgment than upon any test which 
can be applied; for it is in reality no test of the enduring quali¬ 
ties of a meter to run it at excessively high speed for a relatively 
brief time. The life of a meter, in other words, cannot be meas¬ 
ured by revolutions, irrespective of the speed of those revolu¬ 
tions ; nor can it be determined by the speed at which it rotates 
alone. 

Ninety per cent, of all the wear in a meter, centres in the case 
of motor meters at the single jewel bearing, which is almost 
universal. The two chief factors which have influence upon the 
mere mechanical life are the weight of the moving mechanism, 
and its speed, the variation of the area of the point of contact 

being, of course, always-so small as to be out of the considera¬ 
tion. 

A low speed meter is usually the best meter, provided the 
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speed be not carried so very low as to threaten the accuracy of the 
meter on light loads, by reason of being held up by intermittent 
friction in the form of dust or a spider. Practice has indicated 
that low speed is more conducive to long life than is light weight 
of the moving mechanism, although both are, of course, very im¬ 
portant. More important than either, however, is the quality of 
the material used at the points of friction and the ease with 
which the friction parts can be renewed. The best of sapphire 
is barely good enough, and the pivot end must be of correct 
•shape, burnished to the highest degree, and its point must be ab¬ 
solutely concentric with the centre of movement. 

More than half of the meter jewels which are destroyed are 
rendered useless, not by the rotary motion of the shaft, but by 
reciprocating motion of the shaft, due to vibration. Hence it is 
very necessary that the jewels should be in some way cushioned, 
for vibration cannot be always avoided. 

u 

These are all, I admit, mechanical considerations, but they 
compass much of failure or success in electric metering. The 
purely electrical features of the meter contribute no grave factor 
of consideration in connection with the life question, always sup¬ 
posing that the copper is ample and the potential windings are so 
distributed and so ventilated as to preclude a burnout. 

Passing over the central station man’s third factor for con¬ 
sideration, that of the best unit of measurement, as one which 
is practically a closed question, we are brought face to face with 
lxis lamentable fourth point, the necessity that the meter should 
he able to withstand tampering. It is a regrettable fact, that this 
is a consideration which is coming daily into more prominence ; 
but light has to be sold to all sorts and conditions of people; and 
apparently the transgressor against meters is even more common 
than the transgressor against taxes ; aud this is a growing evil, 
largely, perhaps, because of the lax conditions of the laws, which 
can be invoked to protect the meter owner in many of our states. 

The methods which are commonly practiced in tampering with 
meters can scarcely form any proper part of a technical paper; 
hut as this paper may go into the hands of some who need the 
knowledge to guard themselves and their interests, it can do no 
harm to briefly state the common methods used, not only that 
they may be guarded against, but also that meters may be selected 
which lend themselves least readily to such practices. It is not 
unusual to place large masses of iron above, below or at the side of 
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meters, but this practice is falling somewhat into disrepute among 
its advocates, since even they have in time discovered that there 
is a class of meter which it accelerates. 

Electromagnets, drawing their energy from the circuits under 
measurement and used as the iron was formerly used, are now 
not uncommon, and it is difficult to prove in court deliberate evil 
intent. 

Meter covers and bases are drilled, and wires, broom straws and 
the like inserted. Covers are pried up and healthy colonies of 
spiders introduced. 

Ingenious individuals have even been reported as finding profit 
in a clever apparatus for injecting fine iron filings into meters by 
means of a bellows. 

All of these things need to be watched for and guarded against.. 

The question of installation and care of meters, is a wide sub¬ 
ject, and in connection with it I shall endeavor to mention only a 
few salient points, selecting those which are most commonly over¬ 
looked or neglected. 

The most radical cause of trouble in connection with installa¬ 
tion is vibration and the consequent reciprocating motion of the 
shaft; for this reason the most solid of foundations should be se¬ 
lected, the neighborhood of moving machinery should be avoided, 
as should also partitions of light construction in which doors are 
located. The rhythmic vibration of moving machinery is infinitely 
more dangerous than occasional heavy shocks. 

Meters should be installed as near to the foundation as possible, 
not as is now quite common, at the tops of buildings, where the 
amplitude of all vibrations is of course much greater. 

Locations where great variations of temperature occur are un¬ 
desirable. For this reason also, basements are preferable to 
attics. 

A very common error, causing the loss of very many meters, 
annually, by the burning out of the potential circuits, occurs in 
connection with the metering of power delivered to motors. In 
the effort to save the very trivial amount of energy passing through 
a potential circuit, it is very common to install meters on the motor 
side of the controlling switch. This not. only exposes the meter 
to the full force of the field discharge, but it also results in the 
constant cooling and heating of the potential winding, and the 
resultant expansion and contraction chafes and weakens the insu¬ 
lation and also weakens the wire itself at the turns, opening the 



3897.] 


823 


HANKINS OX MLEVTRIC MKTKMNU 


path for a final breakdown either by a lightning discharge or by 
a tiehl disc barge. 

As to care of motors. It is a fallacy to suppose, as many insist 
upon doing to-day, that meters should require no care whatever. 
Almost all meters will continue operative for a very long period 
without any care whatever; but the cost of a (denning and testing 
visit twice annually is trivial as compared with the good results 
which follow such a system, by reason of the better light load 
accuracy obtained. It is not, I think, too strong a statement to say 
that snob a system will have an Intluencc for good, amounting to 
from b to 5 per cent, on the meter readings annually. 

Central station managements have probable given more atten¬ 
tion to systematic methods of under reading than to any other one 
point contributing to success. The old and faulty plan of reading 
the dials of a meter at the time of the visit to the meter, is fast 
giving place to the better system, which provides the reader with 
a fac-simile of the meter dial in blank upon a page of his meter 
book. This fac-simile is roughly marked in pencil to indicate 
the posit ion of the hand at the time of the visit. These fac-simile* 
art* taken into the otlice and an* all read bv one individual who is 
an expert in meter reading, and who sets down the consumption 
under the fac-simile on each page. Such a system commonly re¬ 
duces the errors from about in per cent, per month whore they 
not uncommonly stood under the old system, to materially less 
than I per cent, under the new ; for surprising as it may seem, 
it. is an extremely easy thing to make mistakes in reading meter 
dials. 

In changing from the old and not infrequently popular contract 
system, a good many central stations in the earlier days made the 
grave blunder of going on to the new basis during the winter 
months, with the result that the highest bills of the year reached 
the customer after a long period of indulgence under the contract 
system, and tin*, result at times proved temporarily disastrous. 

Even to-day the pernicious influence of uniform hills the year 
through, which was created by the contract system, still lingers ; 
and the proportion of customers who complain because their 
winter hills are materially higher than their autumn and summer 
lulls is quite considerable. 

It will be said that the explanation is sufficiently simple; but, 
unfortunately, however good and however simple the explanation, 
it lias proved no simple matter to secure its acceptance and 
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•credence. I have lately been much impressed by a system 
which has recently been adopted by a prominent western com¬ 
pany to at least partially offset this difficulty. During the 
months which are growing darker, they read their meters a day 
or two earlier each month, thus arbitrarily creating shorter 
months, whilst as the year progresses to the period of lighter 
days, the months are lengthened. This somewhat tends to even 
up the bill, is apparently quite as, satisfactory to the customer, 
and is certainly entirely just and has created a very great falling 
■off in the complaint list, for the character of the complaint keeps 
pace with the period of the year. Out of the hundreds of com¬ 
plaints which I receive annually, I find that by far the greater 
proportion in the summer are of slow meters and in the winter 
of fast meters. 

I do not feel that I shall be doing justice to my subject, should 
I fail to make at least brief mention of the application of meters 
to the measurement of station output. 

The gas companies to whom all central stations look for pre¬ 
cedents, long ago found it imperative that they should have some 
means of determining just how much of their commodity they 
produced, and sent out through their mains. In all commercial 
enterprises it is difficult to satisfactorily guide and control a 
business, unless there be some positive means of determining 
how much of anything is produced; and it is surely just as im¬ 
portant to all electric lighting companies to know how much of 
their commodity they manufacture as for any other concern. 
Until quite recently it has not been possible to obtain recording 
meters sufficiently large to care for the heavy outputs which are 
now so common, but such meters are now readily obtainable. 

The value of a system of station meters must necessarily prove 
very great, since it furnishes an absolute check system upon coal 
•and water consumption, and engine and dynamo efficiency. 
Whilst it also furnishes a ready means for comparison between 
station output, customers meter indications, line losses, leaks and 
grounds. 

In closing, some brief consideration at least is due to the new 
fields into which meters are reaching, and to the help special 
metering features may perhaps give indirectly as well as directly? 
to the amplifying of the business of electric light and power 
companies and to their more economic operation. 

There has recently been much interesting discussion regarding 
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the question of tlie flattening of the peak of the load either by 
the systematic modification of rates under special time contracts, 
governing the hours of burning, which does not concern the 
immediate subject matter of this paper, or by an actual modi¬ 
fication in one of several forms in the meter itself, which should 
practically make the meter automatically control the modifica¬ 
tion of the rates in such a way as to gain the same end with 
certainty, as is aimed at in the special contract system. 

Whilst personally I have grave doubts regarding the actual 
feasibility of this plan commercially, in view of other and per¬ 
haps simpler methods by which it can be accomplished, I still 
have much respect for all of the various methods which have 
been proposed and do not question that there will be at least 
many cases where they can be advantageously applied. Questions 
relating to the peak of the load, however, are subject to such 
great variations locally that a rule which would apply in New 
York might very readily fail in a system adopted in a smaller 
town. 

It is quite obvious that the best double-rate meter will be that 
which tends to flatten the load curve of the station, not by 
oppressing or discouraging the user of light, who must have his 
light at the period of the peak, so much as by encouraging the 
use of light at other periods. We do not want to provide means 
for cutting off the peak so much as we want means for raising 
the rest of the curve to the same height as the peak. In my 
personal opinion, it is in this respect that perhaps the most in¬ 
genious of all these double-rate meters falls short. I refer to 
that form of two-rate meter which proportionately increases its 
rate of record at such time as the local load which it is measur¬ 
ing is highest. This discourages the use of light at the period 
of the local peak, and if the local peak and the station peak 
are co-incident, it absolutely fulfils its purpose. But if they are 
not it fails, because instead of discouraging the use of a large 
amount of light at the time of the local peak, it should actually 
encourage it. Encouragement of local peaks, which are not 
co-incident with the station peak, is beneficial to the central 
station in the highest degree, for it tends, as I have pointed out 
it should, to raise the general load curve towards the station 
peak magnitude. 

If two-rate meters are to be used, therefore, I believe that 
their increased proportional speed should he dependent purely 
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upon the occurrence of the station peak, and should bear no 
relation whatever to the occurring of the local peak. Such an 
arrangement can he secured in a, number of ways, all of them 
simple and all of them effective. 

One other feature of metering, which has recently come into 
existence in Europe, is about to make its appearance commercially 
in this country. It brings with it much of promise for the in¬ 
crease of profitable business for central stations. 1 refer to the 
pre-payment meter system. The drop-a-nickel-in-the-slot and get- 
your-monevVworth-meter. In gas practice this system lias proved 
an unqualified success. 1 am informed that the London Gas 
Light Co. added <>,000 new customers of a profitable kind, over 
and above their average annual growth in a single year; and 
other companies have hud similar experience. 

There is in every large city a considerable area into which 
illuminating companies have been unable to go by reason of the 
untrustworthy character of the people who would there be their 
customers. In other words, because the people in these districts 
are a floating population without credit, corning to-day and going 
■to-morrow, and yet ready and willing to buy electric, light at 
high rates. 

The pro-payment meter throws open this new field and makes 
it immediately available; and hen; I predict for it wide use¬ 
fulness. 



1897 .] 


HASKINS ON ELECTRIC METERING. 


327 


Diseirssrosr. 


The Chaikmajk [Vice-President Steinmetz.] The dis¬ 
cussion of Mr. Haskins' paper is novv T in order and I call upon 
Dr. Bell to open the discussion. 

Dk. Louis Bell :—The engineering point of great interest in 
connection with the subject.of meters just at the present time, 


seems to me to be the problem of metering such loads as one 
strikes with motors, and especially with fan motors on the alter¬ 


nating system, and induction motors generally. The metering 
of the direct current as compared with the metering of the alter¬ 
nating current under these circumstances is a straightforward, 
simple problem, which gives no trouble either to the engineer or 
the station master. There may be trouble with direct current 
meters, hut they are nothing compared with what are met in 
trying to measure in a just and reasonable way the volt-amperes 
energy delivered to the induction motors. As these modern 
plants are becoming more and more common, the central station 
man and the meter man may have to i 
of the difficulty. The trouble is right 
an ordinary integrating watt-meter to 
inductive load, while you get paid for 
do not get paid for the capacity of the machine used up. It is a 
perfectly easy matter to run beyond the capacity of your station 
on a motor load, while your actual receipts as indicated by an 
integrating watt-meter would be far below the capacity of the 
•station. Of course, the immediate impulse is to say—use a 
recording ammeter. But the recording ammeter, as Mr. Haskins 
has pointed out, scares the average, customer. Then, on the 
other hand, the recording ammeter in many cases punishes too 
much. You do not care in handling such things as fan motors 
for a small increment of current due to their power factor; 
relatively it is a very large increment of current, but absolutely 
its effect on the station is not very great, because the amount of 
each motor is small, and the number is generally not sufficient. 
If you were to charge under these circumstances for current and 
not for energy, you would run up a hill against the fan motor 
which would apparently he out of all reason. Fan motors take 
current generally at relatively the same current as electric lights ; 
that is to say, there is no special rate laid for them. On the 
other hand, when you come to have induction motors, particularly 
those which have bad power factors, and their number is great— 
when you come to these motors the matter gets more serious. 
You cannot afford to charge simply for the energy delivered, if 
you have any regard either for the capacity of your station or 
for the kind of service you are likely to give on mixed loads. 
Some way must be devised of charging not only for the watts 
delivered, but for the amount of reserve capacity which has to 
be set apart for running the motor in question. It is not uneom- 


imte to find some way out 
here : That if you apply 
a circuit having a highly 
the energy delivered, you 
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mon, and it is a very unhappy experience to find plants intended 
for the operation of induction motors simply at the end of their 
capacity for current, long before the output capacity of the mo¬ 
tors has been reached. ” Those are the cases where the meter 
man is going to have a hard time. It is a difficult thing to ad¬ 
judicate, and one which will have to be settled by continual 
conference between the station man and the meter man. My 
opinion is that the watt-meter is not sufficient for a case of the 
kind. You would be compelled to put the rate for the kilo¬ 
watt hour so high, in order to get fairly paid under those circum¬ 
stances, that the ordinary customer would kick. It would seem 
unreasonably high as compared with other motors, and it would 
be unreasonably high. It seems to me that some method ought 
to be devised akin to one that has recently been discussed, that 
is, a two-rate system which charges a basic price for maximum 
amperes, plus a watt-meter price for energy delivered. A scheme 
of that kind either carried out by arranging a fixed basic price 
per month, plus watt-meter price, or the plan which has been 
tried abroad of charging a certain rate for capacity, a certain 
fixed price plus a regular price. Either of those plans, either a 
fixed contract or an automatic plan having a meter to take care 
of the watt-meter, and some way of automatically taking account 
of the maximum current—some one of these plans I say must 
come into use under the circumstances, because neither the 
straight, ordinary watt-meter, nor a current meter, will fill the 
bill properly for these eases. If you charge for w T atts, pure and 
simple, you scare the customer. If you charge by amperes, you 
scare him even more completely and thoroughly, and as far as I 
can see the only satisfactory outcome for both parties is going to 
be in settling on some sort of double arrangement for the par¬ 
ticular kind of service. I speak of it with special interest because 
that kind of service is growing every day, and it is the only 
example where metering does not seem to fit the ease as w r ell as 
it should. In passing—I believe as regards the character of the 
meters that we are going to have, that the biggest improvements, 
so far as the ordinary customer is concerned, speaking purely 
from the customer’s standpoint, are the meters which I think 
will come into use before long which read directly so-and-so 
many watt-hours recorded in figures on the dial. Anybody who 
has ever tried to read an ordinary dial meter, not being familiar 
with it, will realize the position of the ordinary customer when 
he sees this queer thing spinning around on the wall, running 
up he knows not what against him. He looks at it as something 
uncanny, and he believes if Solomon lived in these days he would 
say : u Go to the meter thou sluggard.” 

Dr. Perrine :—I want to call especial attention to what Mr. 
Haskins says about what is to he considered as the range of 
voltampere accuracy of a meter. That we should not look for 
starting ability at extremely low load, and accuracy at full or 
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maximum load, but that meters should be installed as small 
as possible, which would give accuracy on overloads; a fair 
accuracy on overloads and very great, accuracy on a small 
ordinary load; for I think that this is a principle that has 
been too little ^ insisted upon, in general central station en¬ 
gineering practice, not simply in the question of meters but 
in the choice of engines, boilers, dynamos, transformers and 
every piece of apparatus about a station. Of course our en¬ 
gineers are working up to that more and more; but never¬ 
theless it is a point that cannot be insisted upon too strongly, 
that real and true efficiency in the station is to be obtained by 
working our units always at a comparatively high load and high 
efficiency, installing apparatus which will stand "overloads so that 
they will give high efficiency at the ordinary load at the station. 
This I have found in very many instances singularly neglected 
in central station practice, and we see its effect in the report of 
the National Elect ric Light Association. I have not seen their 
last report of coal economy, but that which was issued about a 
year and a half ago, shows that the best central stations in this 


country were using about three pounds of coal per horse power 
hour, and that the average throughout the country was not very 
much better than about five pounds, and some of the good sta¬ 
tions run up to eight or even more pounds of coal. This, in the 
face of the fact that the dynamos are all of high efficiency; that 
in the electric central stations there are the best engines that the 
skill of the country can afford, and that in no one "of those sta¬ 
tions would machinery be accepted which would not give on 
test a better efficiency than two pounds of coal per horse power 
hour. But test means, test at full load, whereas running means 
running at a quarter or less than a quarter. Now it seems to me 
that in the case of all of our machines, not simply in the ease of 
meters, but in the case of meters as w r ell as in the case of ocher 


machinery, the machinery should be chosen where the full load 


is below the maximum load at which it is capable of running, and 
that in consequence, in place of machinery running at normally 
low loads with low efficiencies, the lightest loads should still be 
loads sufficiently great to give good efficiency. I was very glad 
to see that Mr. Haskins so well recognized this point and I think 
that its clear understanding and enforcement is one of the things 
that engineers need in order to bring up the general efficiency of 
their work. 


Prof. Owens :— I would like to ask Mr. Haskins if he con¬ 
siders that a meter which is correct on light steady load and also 
on full steady load would be accurate on rapidly varying loads'4 
Mr. Haskins :—Replying first to Prof. Owens’ question, my 
experience has commonly been that a meter that will give 
accuracy at light load, and will give accuracy at high loads, will 
almost invariably be a good meter oh intermittent loads. 

Prof. Owens :—How do you determine its accuracy on rapidly 
varying loads t v 
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Mr. Haskins:— The metliod I have generally used for deter¬ 
mining accuracy on varying loads has been to use a master meter, 
arranging two'of the meters exactly alike and m imiltiple, 
but in series with a third or master meter using a special form 
of switch between the master meter and the other two meters, 
so that the load could be rapidly switched through one or throng i 
the other or in multiple between the two, never oft both of them. 
Then having achieved such an arrangement as that, 1 have hours 
at a time kept a boy or some one moving that switch, changing 
the load from half load to no load, from half load to full load, 
always passing through one or both of the two quantities under 
test and under all circumstances passing through the master metei, 
the load being constant on the master meter. I think that is 
perhaps the most accurate method ot determination I think 1 
mav say that my average experience while using this method 
has' been less than one per cent, error, commonly within one- 
} ia ]f 0 f one per cent. It is a metliod I have used repeatedly and 

I have found it very satisfactory. . , . . 

Keferrino- to what Dr. Bell has said, I agree heartily with him 
and I thiill?we can look far enough _ into the future to see that 
another form of two-rate meter is going to be called for, a meter 
whose rate of recording shall he dependent on the power factor. 
I think lam safe in predicting that when the demand conies, 
we can promise a meter which will automatically vary its ia.te 
with the variation of the power factor ; this I think will be the 
simplest wav of solving the problem. The use of the ampere¬ 
meter not only has the effect of discouraging the customer, as 
Dr. Bell says, but of discouraging one’s own business, loiter ring 
to Dr. Bell’s other suggestion that the general way of reading 
meters to-day is trying, 1 would say that 1 think the time lias 
come when we can afford to have tlie customer lead the dial 
easily. I think that within a short a time direct reading device 
will lie procurable, but expense is the limiting factor in all these 
things. Such a dial as that is inherently more expensive, and 
people do not want to pay more for their devices. _ 

Pkof. Owens :— W ould not the addition of the so-called 
Wright-Demand meter to the circuit containing a watt-meter 

solve this question of variable power factors '4 

Me. Haskins: —Yes, I think it would. I think that perhaps 
is one of the best applications of the W right-Demand system. The 
only trouble with the Wright-Demand system is that it does not 
segregate idle from active currents. If we had a combined load 
of light and power it might be conceivable that the maximum 
current was due to legitimate energy. I think that the Wright- 
Demand system would solve it admirably except for this considera¬ 
tion, which perhaps is not very important, but not so‘simply as a 
meter which would automatically and within itself change the 
rate, supposing such a meter were available. It is not available 
to-day, but it does not look like an impossible problem. I want 
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to thank I)r. Perrine for his endorsment of my views. As to the 
question of capacity I think that the great mistake that everybody 
has made, more particularly in metering and probably in our other 
devices also, is to demand laboratory instruments for commercial 
use. They want a meter that will give phenomenal accuracy on 
phenomenally low loads, ignoring commercial conditions. Meters 
twice too large are frequently put in, so that when the output 
increased they would be big enough, and yet phenomenal accuracy 
on light loads was demanded from those same meters, accuracy 
which injured the meter and made the meter too sensitive. It 
was like putting a laboratory instrument into common use. 

Mr. TL C. Spaulding :—The remarks which have been made 
about the desirability of meters which allow direct reading by 
the customer and which should be cheap and practically free 
from liability to tampering, all had a bearing on a system which 
I have sometimes felt could be used to great advantage on ordi¬ 
nary power work, especially where the motors are in small units, 
as a modification of the old contract system where the representa¬ 
tive of the company would squint at the pulleys and belts and do a 
little figuring in his note book and then make a contract for about 
300 per cent, profit over the actual estimated cost of current. 
Those days have gone by, fortunately for some; but it would seem 
to me that on small motors and to a certain extent larger ones, it 


would be perfectly feasible to have a register which should so record 
that the motor could be charged for simply by the hour. That 
has been tried in some cases and I understand with very satis¬ 
factory results. The central station man can probably get more 
money for his current than he would with a watt-meter. The 
customer on the other hand knows that every hour that he uses his 
motor, it costs him just so much, this register being read at the 
end of the month precisely as on any ordinary meter, and he pays 
for so many hours use of the motor, the rate being made on what 
can be very reasonably judged as the average probable current 
consumption which it is fair to get at for an hour, but rather 
doubtful when you come to multiply that by 300 days in the 
year. 

Mr. A. E. Guilds :—I would like to ask Mr. Haskins a few 


questions with regard to this slot meter which he has brought 
forward, as to whether he has any figures as to its use in this 
country and as to whether it has been successfully and satisfac¬ 
torily used in Europe. The size and weight and cost are ques¬ 
tions I would like to hear about too, 

Mr. TIasrins Replying to the last speaker, I have not any 
absolute figures on American practice. I think that American 
practice is very new, and what figures are available have been 
kept for the use of the initiators of the system. The system has 
been very widely used in London -and has spread, I believe, to 
some four or five other large cities in Great Britain. I believe 
continental practice is somewhat slower and is behind that of 



332 


HASKINS ON ELECTRIC METERING . 


[July 27. 


Great Britain. In a gas meter I understand that the extra cost is 
about 30 per cent, of the whole. I would add that the I'ate 
charge is something more than 30 per cent, higher The weight 
of the gas meter, and it is almost entirely limited as yet, to gas 
practice, is not materially increased. While I have not any 
positive’figures I think I would be safe in saying that the weight 
is not increased more than about 15. per cent., it as much. The 
method of operation varies in the different devices. The whole 
thing might be compared to a chewing gum machine such as 
one sees "on the elevated railroad platforms. It is common to 
have a slot for coins and some kind of an actuating movement, 
either in the shape of a slight push rod or crank which does 
the mechanical work, and most of these devices are deficient in 
that they commonly permit the deposit of only one coin at a time. 
You have got to use up the value of that coin before you can 
deposit any more. 

.Referring to what Mr. Spaulding said I think there may be 
some applications for what he mentioned. I believe that such a 
device was offered in the market for some time about two years 
ago. It w r as made in the west. It is better than the contract 
system, but it is not metering. Hot a ^rojpos of what Mr. 
Spaulding said, though it is suggested to my mind by it, I want 
to tell a story. I had some connection some time ago with a 
young man who was engaged in meter testing. He had prev¬ 
iously appealed to me for a ready method of testing motors in 
connection with meters, and I supposed that I had given him 
one, but he passed out of the employ of the firm with whom he 
was, and they kept his note-books. One day they brought me 
his note-book remarking that they saw noted under my name a 
method of testing meters with motors and wanted to know if it 
was right. It read like this—reminding me of what Mr. Spaulding 
said about squinting at a shaft— u Estimate the horse-power of 
work being done by the motor, and test the meter by the common 
formula. If the results agree within 10 per cent., all right, if not, 
estimate the motor again. 51 


The Chairman (Mr. Steinmetz):—Gentlemen, I fully agree 
with Dr Bell that it is very desirable to have some means of 
charging for the wattless currents in alternating current circuits. 
It is not fair to charge a customer by ammeter for all the watt¬ 
less current he uses, especially as you would not keep any cus¬ 
tomers in this way. It is not fair, because this current does not 
represent power to the customer or to the central station. How¬ 
ever, it is not fair either to charge by watt-meter, because you 
then do not charge for those wattless currents which do represent 
power as loss in lines and transformers and wasted station capacity 
and thus interest charge. Therefore it would be desirable to 
charge for a part of the wattless currents, a part sufficiently large 
to take care of the losses due to resistance of lines and transform- 
ers and generator capacity. It is very easy to do that with the 
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recording wattmeter. The only thing necessary is to replace a 
part of the non inductive resistance of the potential coil by react¬ 
ance. Assume that we insert in the armature or potential circuit of 
the recording watt-meter an inductive reactance equal to 20 % of its 
impedance, reducing the resistance correspondingly, so that the 
meter reads correctly at non-inductive load. On a highly induct¬ 
ive load, of 2 ()f 0 power factor or so—as the current of an induc¬ 
tion motor running light—the meter will read just twice the 
power or will read about one quarter of the wattless current. 
That is probably a very fair charge. You may make it anything 
you want by varying the self-induction. Such meters are in 
operation, but there is one difficulty with them, as you can see, 
not on the electric side of it indeed, but you cannot supply such 
meters except on special request, because if you supply such a 
meter, which is an entirely fair and proper meter to use, then 
somebody tests it under highly inductve load and finds the meter 
100 per cent, wrong. The next thing you hear is, it appears in 
some paper, that the meter is entirely wrong and unreliable on 
inductive load. Thus you can only build such meters on special 
request. Now it is necessary to take some steps like this, espe¬ 
cially where the motors are supplied by the customer; otherwise 
the customer buys some cheap kind of induction motor with a 
horribly low power factor, or at least installs a motor by far too 
large for the work to do, and runs it very light most of the time— 
that is at poor power factor—causing v r attless current of excessive 
value to run all this time over the circuit without being charged 
for but using up line and station capacity. 

There is one point in the paper on the wave-shape which is 
very interesting and where something more can be said. The 
meter should be correct for different wave shapes. For not only 
with different machines but even with the same machine on a 
different load, the wave shape of the circuit may change, not if 
you have lights in circuit only, but if you put in any inductive 
device, say a fan motor or reactive coil. The current wave con¬ 
sumed by the fan motor essentially differs from the wave of the 
electromotive force, and consequently there are current meters 
which read wrong in such cases and cannot give accurate reading. 
On a fan motor load some current meters read low, and some one 
told me, in all apparent truth, that if he had several lights run¬ 
ning on a meter and leaves the lights on and puts a fan motor in 
besides, the meter slows down. I don’t know whether that is not 
exaggerated, but there is decidedly a lag in the meter to read fan 
motor current. More vicious probably than the fan motor cur¬ 
rent is the current taken by the high frequency sets to produce 
X-rays, because thereby the secondary current, of the condenser 
discharge, is oscillating, and the primary current is decidedly 
affected thereby and broken up, so that it is quite likely a very 
large current may flow and the meter not take any notice of it. 
The watt-meter is much less liable to this difficulty. The only 
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error in a watt-meter may l>e due to very rapid oscillations which 
may not be recorded, but which are not very likely to occur. 

Mk. Haskins: —In regard to what Mr. Steinmetz said m con¬ 
nection with the slowing down of meters by throwing on addi¬ 
tional load, I would say that I have met such meters and tested 
them. Out of the west there came a story that a certain Kind 
of meter (which by the wav is not now obtainable), was in one 
town commonly reversed and backed up daily by a customer 
who ran it on his lights normally, and who when he was 
not running his lights, put a special form of choking coil onto a 
lamp socket, thus backing the meter up. He generally backed 
it up long enough to nearly cancel what it made running ahead. 
I should scarcely care to absolntety vouch for this report how- 

ever. 

[Recess.] 


Evening Session— Tuesday, July 27th. 8.15 P. M. 

The meeting was called to order by President Crocker at 8.15 

P. M. 

The President :—Before proceeding with the business of the 
evening, I have to announce that to-morrow morning, after the 
first paper, Prof, Owens would like to present an invitation to 
the Institute to come to the Pruns-Mississippi Exposition next 
year to hold the General Meeting, and 1 will also make an in¬ 
formal report to the Institute as to the adoption of the “ National 
Electric Code.” The first paper on this evening’s programme is 
U A Historical Sketch of the Fire Alarm Telegraph” by Mr. 
Adam Bosch. 

Secretary Pope :—I wish to call attention to the fact that the 
original signal box referred to in Mr. Bosch’s paper, also, the 
second form which followed it, and the third, are on exhibition 
in the collection of Mr. Farmer’s inventions. 



A paper presented at the 14th General Meeting of 
the American Institute of Electrical Engineers * 
Eliot , A/<?., July zjth, i<SQ7^ President Crocker in 
the Chair. 


HISTORICAL SKETCH OF THE FIRE ALARM 

TELEGRAPH. 


BY ADAM BOSCH. 


On June 3d, 1845, the Bodon Advertiser published a com¬ 
munication by Dr. W. F. Ohanning, in which public attention 
was called to a new application of the telegraph, in these words: 
u There is a highly important application of the Electric-Magnetic 
Telegraph to which public attention has not as yet been directed. 
This is its use in our cities, to give an instantaneous, universal 
and definite alarm in case of lire. The peculiar properties of 
the telegraph—rapidity and precision of communication—are, in 
this instance, preeminently needed.” 

The writer then goes on to unfold his plan, substantially as- 
follows: A central office was to be established in some public 
building, in which the necessary battery, together with a Morse 
register and an alarm bell, should be located; a double wire to 
proceed from thence over the housetops successively to every 
engine-house and fire bell in the city, and return again to com¬ 
plete its circuit to the place from whence it started. In every 
station thus established, a Morse register in connection with an 
alarm bell was to be placed, also a key, by the simple depression 
of which an appropriate signal would be instantly conveyed to 

every other station on the circuit. 

He also suggested the modification of having five or six cir¬ 
cuits, or even a circuit from every station, to the central office. 
By this method the operator would be able to communicate 
directly to all the stations, and, if so desired, every alarm of fire 
might be made to pass through the central office before being 
communicated to the different stations. From among the many 

333 
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modifications to which his design is susceptible, Dr. Ohanning 
calls special attention to one, in these words : u There is, how¬ 
ever, one which deserves to be specially mentioned. By a slight 
change of the arrangement at the alarm-bell stations, and increase 
of machinery, the hammers of the bells could all be disposed so 
as to strike mechanically on the communication of a galvanic 
impulse from the central office. The agent (operator) would 
therefore be enabled, by depressing a single key with his finger 
at certain intervals, to ring out an alarm defining the position of 
the fire simultaneously on every church bell in the city. 1 ’ This 
description clearly indicates the electro-mechanical bell striker, 
which had not yet been invented. In conclusion, Dr. Ohanning 
urged the municipal authorities to take his project into consider¬ 
ation; and, as the city had been behindhand in the matter of giv¬ 
ing alarms of tire, the adoption of this system would place her 
in advance of other cities. 

The next effort to apply the telegraph to fire alarm purposes 
was made in 1847, by F. O. J. Smith, who was at that time in 
charge of the Morse telegraph interest in the New England 
states. Mr. Smith consulted Moses G. Farmer, whom he con¬ 
sidered one of the foremost electricians in the country, as 
to the possibility of striking a number of large bells simul¬ 
taneously by means of electricity. Fanner agreed to pro¬ 
duce an apparatus by means of which this could be done, 
and in a short time exhibited to Smith a model of his invention, 
the simple and beautiful piece of mechanism which afterward 
became well known as the falling ball electro-magnetic escape¬ 
ment. This was substituted for the mechanical escapement on a 
church-clock striking apparatus in common use at that time. 
Mr. Smith was highly pleased with the apparatus, and immedi¬ 
ately submitted a plan for establishing a fire alarm telegraph to 
Josiah Quincy, Jr., Mayor of the city of Boston. This plan 
proposed connecting 15 engine-houses by telegraph, and equip¬ 
ping three large bells with electric-bell striking machines, the 
same to be operated simultaneously from some convenient point. 
Mayor Quincy, in his annual address, January 3d, 1848, recom¬ 
mended this subject to the consideration of the Board of Aider- 
men, which body acted on this recommendation to the extent of 
ordering two bell-striking machines for the city. They were 
made under the direction of Farmer, and, when completed, sub¬ 
mitted to a public trial, which proved very satisfactory. After 
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this tlie city authorities took no further action in the matter, and 
Mr. Smith abandoned the subject. 

Early in the year 1851, Dr. Charming, who had, in the six 
years since the first publication of his plans relating to the estab¬ 
lishment of a fire alarm telegraph, spent much time and thought 
in his endeavor to shape public sentiment favorable to his project, 
sent an elaborate and well considered communication to the 


Mayor and Board of Aldermen of the city of Boston, commend¬ 
ing his fire alarm system to their consideration, accompanying 
this communication with diagrams of the proposed signal and 
alarm circuits, a map showing the division of the city into six 
districts, a description of the apparatus required, an estimate of 
the probable cost, and also an offer to give a practical exhibition 
to demonstrate the feasibility of the system, if desired. The 
general outline of the system as proposed was as follows: 

The city was to be divided into six fire districts. Three signal 
and three alarm circuits were to be constructed. To avoid pos¬ 


sible interruptions of the circuits, all wires were to be run 
double. The ground was not to he used as any part of- the cir¬ 
cuit, for the reason that unauthorized persons might complete 
the circuit by establishing connection between the wires and the 
ground. The whole of the machinery of the signal stations was 
to consist of a signal key, locked in a small box. 

The central office was to be located at the City Hall, and the 
■apparatus to consist of a receiving magnet (relay) on every signal 
circuit, and a local circuit to operate a register and alarm bell. 
For an apparatus to transmit alarms to the large bells, tlie 
employment of an instrument moved by clockwork, then well 
known in connection with the Morse telegraph, was suggested. 
This consisted of a cylinder made of wood, having a metal core, 
over which a number of keys fashioned like piano keys were 
arranged, and under each key, strips of metal in groups, were 
fastened to the cylinder and connected with the core. When 
this cylinder was set in motion and one of the keys depressed, 
a spring would bear on the cylinder, and, if properly connected, 
a signal was given corresponding to the number and position of 
the metallic strips under this particular key. It was in connec¬ 
tion with preparations for the proposed exhibition previously 
mentioned, that Dr. Channing made a search for the two models 
of bell-striking machines made in 1818 for the city. He found 
them stowed away in a lumber room, and covered with dust. 
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He had himself devised an electric escapement for hell-striking 
machines, but he quickly recognized the great superiority of the 
one invented by Farmer, and therefore decided to use the models 
in his public demonstration. Desiring to obtain the inventor’s 
assistance at this exhibition, he sought an interview with banner, 
who readily consented. At this meeting they agreed to join 
their interests and co-operate in all matters relating to the estab¬ 
lishment of a tire alarm telegraph. An exhibition was soon 
given before the Mayor and Board of Aldermen, at which 
Farmer assisted. It proved highly successful, and resulted in an 
appropriation of $10,000 by the city government for the purpose 
of carrying out the proposed plans. 

At the urgent request of Dr. Channing, Farmer was appointed 
Superintendent of Construction. He entered upon his duties at 
once and with characteristic energy. The task before him was 
not an easy one. “ Something new under the sun ” was about to 
be established. For months nearly all the work was experi¬ 
mental ; apparatus was constructed and discarded as defects 
manifested, or improvements suggested themselves. 

In the construction of the signal boxes the first departure from 
the original plan was made by adding a wheel and crank to op- 
perate the key. This wheel had certain definite projections upon 
it, their width and position varying with the signal to be con¬ 
veyed, the wide projections being for dashes, the other for dots. 
On turning the crank each projection on the wheel would in its 
turn open the key, and keep it open for a longer or shorter 
period of time according to the width of the projection. The 
handle of the crank was weighted for the purpose of maintaining 
the wheel in its normal position where none of its projections 


were in contact with the key. 

It was soon discovered that considerable skill was required to 
operate this device with any degree of regularity; the motion of 
the crank in unskilled hands was so irregular that the signals 
could not be distinguished as printed by the register. This was. 
therefore discarded, and other apparatus constructed with the 


same break-wheel, hut the crank was so arranged in connection 
with two gear wheels that two revolutions of the crank were 
necessary to produce one revolution of the break-wheel. 

Considerable trouble was also experienced in the point of contact 
of the signal keys. This was remedied by substituting a sliding 
contact.. In the original plan the signal box was designed simply 
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to transmit the number of the district in which it was located. 
The improved apparatus also gave the station number; the dis¬ 
trict number by dots, and the station number by dashes and dots; 
this added greatly to its value as a means of indicating the exact 
locality of a fire. 

But the most radical departure from the plan was made by 
placing the signal boxes on the outside iustead of the inside of 
buildings as originally intended; this change necessitated better 
protection for the apparatus. This was effected by placing the 
iron case which contained the mechanism into a strong iron box, 
in form similar to the one in general use for that purpose at the 


present time. 

If the difficulties encountered in the construction of the signal 
box apparatus wei*e great, those met with in the construction of 
the bell-striking machines were gigantic. Farmer’s original 
models were made to strike bells weighing from '75 to 150 lbs., 
and now 19 machines were to be built to strike bells weighing 


from 300 to 3700 pounds. 

It was necessary that all the bells whether large or small should 
be struck successive blows in the same short period of time, and, 
to satisfy the public, that they should be struck with a force no^ 
less than that by which they were formerly struck by means of 
rope and tolling hammer. To accomplish this, weights of from 
800 to 2000 pounds according to the size of the bell to be struck 
were found to be necessary. Every point in connection with 
these machines had to be determined experimentally. It was a 
problem without any known factors. Machines were built, tried 
and discarded. For the largest sized bells three machines weie 


built before one was found to answer the purpose. 

Locality had to be considered. In some of the belfries the 
space for the machines was ample, in others it required various 
modifications of the apparatus in order for it to be properly 
placed. What added greatly to the perplexity of the situation 
was the fact that all the experiments had to be made m public. 
To test the machinery it was necessary to strike the bells, and, it 
is therefore not to be wondered at, that complaints about the in 
cessant clanging of the bells were heard all over the city. The 
citizens were far from being unanimous in favor of the experi¬ 
ment. The man who knows it won’t work, as well as the man 
who knows that even if it does work it won’t be as good as the 
old method; both resided in Boston at that time as they reside 
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everywhere, where important improvements are about to be 
made. Dr. .Charming who was a charming writer, wrote many 
articles for the daily papers in order to create a stronger public 
sentiment in favor of the experiment. 

As in the original plan the apparatus furnished for the central 
office consisted of a cylinder transmitter or key-board as it was 
called, very much improved ; the keys were so arranged that 
simply depressing one of them would liberate the clockwork and 
start the cylinder, and upon releasing the pressure it would come 
to a stop in its normal position. In order to economize battery 
power, three metal springs were placed on the underside of the 
keys. Each spring was connected with one of the three alarm 
circuits and so arranged that as the cylinder revolved, each metal 
strip on its surface would make connection with each spring suc¬ 
cessively, thus allowing the same battery to be thrown on each 
one of the three circuits in quick succession. 

b or the Morse register to be used in connection with the alarm 


circuits to indicate the number of blows struck on the bells, an 
indicator was devised consisting of three revolving cylinders on 
which the numbers were exhibited in large plain figures. 

On another instrument not mentioned in the original plan but 
very useful and important was an automatic circuit-testing clock 
which tested the circuits once eveiy hour. 

In the spring of 1852 the system was so far completed that it 
was deemed sufficiently reliable to submit it to public use. Nearly 
a year had passed since the work was begun. The time required 
as well as the cost, far exceeded the original estimates. The 
$10,000 appropriated at the beginning was spent long before the 
work was completed, and a further appropriation amounting to 
nearly $0,000 were found to be necessary. This was caused 
partly by the extraordinary difficulties encountered, and partly 
by the extension and improvement of the system beyond the 
requirements of the original plan. Thus instead of 26 signal 
stations, 39 were established. 

April 28th, 1852, was decided upon as the day on which the 
new method of giving alarms of fire should go into effect. That 
there was considerable misgiving concerning the reliability of 
the new system, and which, as the result showed, was not alto¬ 
gether groundless, the following extract from the printed direc¬ 
tions issued before the telegraph went into use will abundantly 
.show : 
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“ Before giving an alarm be sure that a fire lias occurred within 
u your district; being reasonably certain of that, turn the crank 
u within the box, say ten times, not too fast, and wait. If the 
u signal is perfect, you now have registered at the central office 
u the number of your district, as well as the number of your box. 
u If the alarm is heard at the central office, the operator there 
“ will indicate the fact to you as soon as you have ceased, by 
“ striking the number of your district with the small magnet in 
u your box, twice at least. Should you not hear this, turn the 
u crank again, more slowly. Should you not then hear the 
“ response, go to another box, and if equally unsuccessful there, 
u carry the alarm yourself to the central office ” 

That the latter injunction was not unnecessary is evinced by 
the entry in the Journal of the Central Office, on April 29th, the 


day after the telegraph was given over to public use, thus, “First 
Alarm, 8.25 p. m. from Station 7, District I, J. II. Goodale turns 
the crank like lightning could not read; brought alarm to office.” 
In this case the register failed on account of the great speed with 
which the signal was sent. During the striking of this alarm on 
the bells, four machines were disabled. For many months after 
the system went into operation, serious defects were continually 
developing, and a time of great anxiety for its projectors ensued. 
Farmer and his assistants, in ceaseless, activity, spent day and 
night modifying, improving and adjusting apparatus. The alarm 
bells were a source of the greatest trouble and anxiety; their 
failure to strike correctly encouraged the opposition to the system 
to renewed effort in which, strange to say, the firemen were most 
prominent. But gradually, by unremitting exertion difficulty 
after difficulty was overcome, and by the end of the year a rea¬ 
sonable amount of confidence was felt in the reliability of their 
performance. Another cause of anxiety, especially to the operat¬ 
ors at the central office was the irregular manner in which the 
crank was often turned, giving an alarm from the signal boxes; 
some persons laboring under intense excitement would whirl it 
around with a speed that fairly defied the register to print the 
signal; others, mindful of the instructions to turn slowly, would 
turn the crank with such exaggerated deliberation, that it.required 
a long investigation on part of the operator which was not always 
successful, to distinguish dots from the dashes. On January 1st, 
1852, in view of the early completion of. the work, and in order 
to retain his services for the first few months of its practical 
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operation, tlie .Board of Aldermen had elected banner superin¬ 
tendent of the new system for a term of six months. It was 
generally conceded that no one else con Id make it a practical 
success. The friends of Farmer who urged him to accept the 
position, deemed it of the utmost importance that the experiment 
should be made a success from the beginning, as a failure at that 
time in Boston would be fatal to its introduction into other cities. 
Farmer accepted the position, but instead of six months, three 
years passed before he considered the system in such a condition 
that he might safely place its management into other hands. 

The first -city after Boston, to adopt the fire alarm telegraph 
was Philadelphia, where it was introduced in 1855. 

In 1855, Dr. Charming, who had done much to bring the sub¬ 
ject of the tire alarm telegraph before the public and city 
authorities, delivered a very interesting lecture before the Smith- 
soman Institution. It was through this lecture that the atten¬ 
tion of J. hT. Gamewell was first directed to the fire alarm tele¬ 


graph. On the occasion of a visit, Professor Henry called his 
attention to the lecture and presented him with a copy. Im¬ 
mediately after its perusal he started for Boston and acquired 
the rights for the southern and western states. 

The fundamental patent covering the invention of the fire 
alarm telegraph, as exemplified by the Boston system, was granted 
to Charming and Farmer, May U)th, 1857. Another patent was 
issued to them in March 8th, 1859 for a repeater. 

The following patents relating to fire alarm telegraph ap¬ 
paratus were granted to Farmer alone. 

May 4th, 1852; Electro-Magnetic bell striking apparatus. 

Jan. 11th, 1859, for an improved signal box, in which the 
magnets were shunted by the closing of the outside box door, 
a practice that has been followed up to the present day. 

February 22nd, 1859 for an automatic system in which the 
central office is dispensed with, and the signal boxes and alarm 


bells are all placed on one circuit, and where consequently, when 
an alarm of fire is given, all the hells will strike instantly and 

t 5 J f> 

simultaneously, without the aid of an operator. This was called 
the village system, from its adaptability to small places, where 
the expense of a central office would be prohibitory. 

Two other patents were granted to Farmer in 1859. One was 
for an “ electric-magnetic apparatus for setting water motors in 
motion. 1 '' ^ This was applied, for a short time, to operate some of 
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the bell-striking machines of the .Boston system in place of 
weights. The other patent was for “ Mechanism for operating 
signal whistles by electro-magnetism.” 

A very important improvement was made in 1850 by Chas. T. 
Chester,'to whom a patent was granted for an “automatic elec¬ 
trical circuit breaker.” In this apparatus the break-wheel was 
moved automatically by means of clockwork actuated by a 
spring. Although this particular apparatus never came into 
public use, it is practically the first automatic signal box of 

which we have any knowledge. 

After three years of agitation and hard work, Gamewell and 
Company met with their first success in the city of St. Louis, 
where they installed a plant in 1858. St. Louis was, therefore, 
the third city to adopt the fire alarm telegraph. 

In 1859 the same firm obtained, by purchase, complete control 
of all patents relating to the tire alarm telegraph granted to 
dimming and Farmer, or to Farmer alone. Mr. Gamewell. early 
recognized the fact that a tire alarm telegraph having one of its 
most vital parts, the signal box, constantly exposed to the 
elements, to the heat of the summer and to the cold of winter, 
to rain and to dust, unused until an emergency arises, and where 
a failure of the apparatus to properly operate in that emergency 
might result in the destruction of property to the value of 
millions and even in the sacrifice of human life, should have the 
best apparatus that ingenuity could design and the highest skill 
execute. With this object in view, he soon gathered around 
himself men of inventive genius and great mechanical skill, 
three of whom especially distinguished themselves by inventions 
of the greatest merit. These are Edwin Rogers, .James M. Gar¬ 
diner and Moses G. Crane, three names inseparably connected 
with the development of the fire alarm telegraph. One other 
name should not be forgotten, that of John I olse^, to whose 
superior mechanical skill much of the early success of the file 
alarm telegraph is due. 

The first fire alarm system, equipped with automatic signal 
boxes was introduced into the city of Mobile in 1866. This was 
an automatic system, but, unlike I* aimer s village system, in 
which all the apparatus is placed on one circuit, foui circuits 
were provided. This had never been attempted before, and to 
make it possible in this case, a new apparatus had to be in\ented, 
bv means of which a signal from any one circuit would be auto- 

V ^ 
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matieally transmitted to every other circuit, and which would 
mechanically close every other circuit, should any one circuit, 
remain open. This was accomplished by Edwin lingers, to 
whom a patent for the first, automatic repeater for fire alarm 
purposes was issued in 1870. 

The original crank signal boxes remained in service in Boston 
until 180(5, in which year automatic boxes were substituted in 
their place. The following year, Joseph 1>. Stearns, the imme¬ 
diate successor of Farmer in the superintendency of the Boston 
fire alarm telegraph, received a patent for an apparatus operated 
by t£ reverse currents, 11 which permitted the simultaneous use of 
the same wire for receiving a signal from a box and transmitting 
it to the alarm bells. Several years prior to the introduction of 
automatic signal boxes, Stearns abandoned the method of 
striking the district numbers on the hells, and new boxes were 
designed to strike the box numbers only. While, with the adop¬ 
tion of the automatic signal box, the speed with which a lire 
alarm box was operated, no longer depended on the temperament 
or mental condition of the person giving the signal, a proof was 
soon furnished that, in a matter of this kind, as little as possible 
should be left to the intelligence of the public. Incorrect sig¬ 
nals were often received from these boxes, for the occurrence of 
which no cause could he assigned. It was usually the first 
“ round 11 that was found to be wrong. This remained a puzzle 
until the cause was discovered, which was this—that the person 
giving the alarm, disregarding the instructions to u pull tin* hook 
down once and let go, 11 would, after the first pull, by way of 
emphasis, give the hook another pull or two. This would mo¬ 
mentarily suspend the movement of the break-wheel, and if it 
occurred between two successive breaks, a long pause would 
ensue, and the signal would be either unintelligible or a number 
entirely different from the box number would be transmitted. 
For inventions to remedy this difficulty, two patents were issued 
in 1860 for u non-interference pulls,” one to Stephen and (Jims. 
T. Chester, and the other to Edwin Rogers and Moses G. Crane. 
In the former invention, the arrangement was such that, after 
the box was in operation, the hook could not again engages the 
mechanism until the full number of “rounds” were completed ; 
in the latter, the mechanism could be engaged after each full 
round. 

There was however another interference of a very serious na~ 
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ture which often resulted in trouble and delay ; this was the 
interference caused by pulling a box while an alarm from another 
box was in process of transmission. It is not a very unusual oc¬ 
currence to have two or three boxes pulled for the same fire, and 
if these boxes happened to be on the same circuit, and the second 
was pulled before a full round of the first box was completed, a 
mixed alarm was the result. In such eases it was usually, but 
not always possible to obtain the correct signal from the last 
round of the second box. 


The first patent for a non-interference box was issued to J. hi. 
Gamewell in 1871. This is a normally wound box (all other 
automatic boxes were either actuated by weight, or if by spring 
, were pull wound) with trigger pull, and a so-called skeleton 
break-wheel, that is, a wheel which in its revolution will keep 
the circuit open for the greatest length of time consistent with 
the proper transmission of the signal. It also contains an electro¬ 
magnet, and an armature which when it is in a position away, 
from the magnet, shunts the break-wheel. If the box is pulled 
while the armature is in its normal position against the magnet 
it is held there by a simple contrivance until the signal is com¬ 
pleted. If a box is pulled while another one is in operation, the 
same contrivance will hold the armature in a position to shunt 
the break-wheel of the second box during tiie time of its opera¬ 
tion, and therefore no interference can take place. The only 
chance of an interference lies in the possibility that the hook of 
the second box should be pulled the instant the circuit is closed, 
and the armature held close to the magnet, but, as owing to the 
construction of the skeleton break-wheel these periods of contact 
are exceedingly brief the chances of an interference are very 
remote. 


In 1880 J. ML Gardiner received a patent for a non-interference 
signal box which on account of its great simplicity and mechan¬ 


ical perfection has maintained its great popularity to the present 
day. In this box, non-interference is not effected by shunting 
the break-wheel, but by a very simple method the box pulled 
while another box is transmitting its signal is rendered mechan¬ 
ically inoperative. This is accomplished in the following man¬ 
ner. A small electro magnet in connection with the clock-work 
has an armature with a wide range of movement, so that when 
fully withdrawn by a retractile spring it is beyond the attractive 
force of its magnet. An extension on this armature carries a 
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small movable disk. This disk when the armature is in its normal 
position drawn to the magnet, takes a position between the de¬ 
tent of the movement and the starting lever. If, while it is in 
this position the box is pulled, the starting lever raises the disk 
which in turn raises the detent, and allows the clock-woik to 
start. A stationary pin on the outside door restores the arma¬ 
ture and holds it close to the magnet whether the ciicuit is open 
or closed. The skeleton break-wheel is also an essential featuie 
of this box, and consequently during the entire transmission of a 
signal the circuit is never closed longer than a small fraction of 
a second at one time. If while a signal is being transmitted an 
attempt is made to pull another box the following will take place. 
Before the door of the box is opened an inch, the restoring pin 
will be withdrawn and the armature becomes free to recede, and 
before the door can be entirely opened and the hook pulled it 
will be withdrawn, together with the disk, but without the disk 
.interposed between the starting lever and detent the movement 
cannot be started. 

One of the most effective remedies proposed for preventing 
the interference of signals, is the system of interlaced circuits 
for which ,T. 1ST. Game well received a patent in 187b. In car¬ 
rying out this method the circuits are run in such a way that no 
two adjacent boxes are on the same circuit. This is most easy 
of accomplishment in cities occupying a long but narrow terri¬ 
tory. In cities less favorably situated the great amount of wire 
required to fully carry out this principle has been a bar to its 
general adoption. An additional advantage derived from inter¬ 
laced circuits is this, that in case of an open circuit no two ad¬ 
jacent boxes will be out of service at the same time. 

If two signal boxes of tire non-interference type are pulled 
about the same time, the one that has precedence by as much 
as the fraction of a second -will transmit its signal, while the 
other will be inoperative. To prevent the loss of this signal, 
John J. Buddick invented a signal box in which this is accom¬ 


plished in a very ingenious manner. With these boxes in cir¬ 
cuit any number may be pulled at the same time, and all will 
respond successively. While this would be an advantage in the 
extremely rare cases where two boxes on the same circuit are 
pulled at the same time for two different fires, it would be a 
positive disadvantage in all other cases where a number of boxes 
are pulled for the same fire, to have the circuit occupied trans- 
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mitting unnecessary signals, should the firemen upon their ar¬ 
rival at the lire find a special call, or a second alarm necessary. 

A problem which has not received an altogether satisfastory 
solution, is how to make the signal boxes readily accessible to 
any one in case of lire, and in a way that will not at the same 
time render it easy to give false alarms. 

For this purpose a keyless door on tire alarm boxes has been 
somewhat extensively used in the larger cities; these doors are 
simply closed by a latch and opened by a handle. On turning 
the handle to open the box, a concealed gong starts to ring loudly 
and thus attracts attention; this device answers very well for a 
densely populated section of a city, but in the sparsely populated 
portions, its benefit is not so apparent. Many cases are also on 
record where persons who opened such doors with the intention 
of sending in an alarm, failed to pull the hook, being under the 
impression that the striking of the gong was an indication that 
the signal was being transmitted. 

Other methods, such as placing the key in a small box with a 
glass front easily broken, and located conveniently to the signal 
box, or over the key-hole with the key permanently inserted 
therein, have been tried with more or less success. 

A traploek on the doors of signal boxes with keys numbered 
and the holders name registered, and where consequently a key 
in the hands of a malicious person can be used but once, has 
been found very effective in reducing the frequency of false 
alarms. 

In one of the' most original plans proposed, the boxes are placed 
inside of booths with mechanism so devised, that upon pulling 
the hook, the door of the booth will close and hold the person 
giving the alarm a prisoner until released by the proper au¬ 
thorities. 

In another invention, for which a patent was issued, the booth 
was dispensed with, but instead, the box was provided with 
hidden mechanism which when released hv pulling the hook, 
would firmly clasp and hold the wrist of the person sending the 
alarm. For reasons obvious to everyone but the inventors, 
neither one of these inventions ever found its wav into public use. 

A not inconsiderable share of the unreliability of the fire 
alarm telegraph in its earliest stages must be ascribed to the 
source which supplied the electrical energy. The Grove cell 
then used was not well adapted for service on a fire alarm tele- 
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grapli, where uniformity of current strength is such an essential 
requirement. The Daniel cell, by which it was succeeded, was 
much more satisfactory, and was generally employed up to the 
year 1871, when the Gallaud or gravity cell was introduced. 
The superior merits of this cell were soon recognized, and in a 
very short time every fire alarm telegraph was equipped with it. 
For over twenty years it was the only cell used for this service. 
"Within the last two or three years, however, it has been super- 
ceded in a number of places by the storage battery, with very 
satisfactory results. 

In one instance the gravity cell has been replaced by the 
dynamo. Superintendent Brown Flanders, of the Boston Fire 
Alarm Telegraph, about five years ago, applied the dynamo cur¬ 
rent to a single circuit. Its application was gradually extended, 
and at the present time the entire plant is operated by dynamos. 

The automatic repeater invented by Edwin Rogers was gradu¬ 
ally improved by him, as well as by the labors of J. N. Game well 
and Moses G. Crane, until it has become an apparatus of almost 


absolute reliability. While a signal from any one circuit attached 
to this repeater is being transmitted, all the other circuits are 
mechanically locked out, and thus confusion is prevented should 
a box on any other circuit be pulled at about the same time. Jt 


is also provided with a device 


whereby the armature of the 


operating electro-magnet is mechanically restored after each 


break of the circuit, and little more, 


therefore, is required of 


electricity than that it should hold the armature in position ; 
consequently it will perform its functions successfully under 
greatly varying conditions of current strength, a very important 
consideration in an automatic system, where constant attention 


cannot be given to the care of the battery or the adjustment of 


the apparatus. 

The electro-mechanical gongs have also been greatly improved, 


and nearly all are provided with armature-restoring devices, and 
for the use of fire departments, where the men are not perma¬ 
nently in their houses, they are provided with indicators which 
expose the number of the signal in large figures. 

The general plan of a modern central office fire alarm system 
still resembles that outlined by Dr. Charming, fifty-two years, 
ago ; but, in the instruments and apparatus used, most wonderful 
improvements have been made. 

In the modern central office, the Morse register has been 
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replaced by tlie multiple pen register, which Las the merit of 
greater compactness, and may accommodate both the signal and 
alarm circuits, with this advantage, that, as the records are 
printed in parallel lines on the same paper, their relative posi¬ 
tions will indicate, to a second, the time elapsed between the 
reception of the signal from the box and its transmission to the 
engine-houses; it thus also incidentally serves as a record of the 
degree of promptness with which the operator has attended to 
his duties. 

The old keyboard, at an early period, gave way to a dial trans¬ 
mitter still in use in several cities. In this apparatus there is a 
separate dial and index for every digit in the 'number to be 
transmitted. On receiving a signal from a box, the operator 
moves the indexes to the respective figures and starts the clock¬ 
work into action. 

Another method, and one still in use in New York city, is to 
have a duplicate break-wheel for every signal-box number in the 
system. The operator, on receiving a signal of fire, selects the 
corresponding wheel and inserts it on the wheel shaft of the 
transmitter. 

In one of the most improved modern transmitters the dials are 
all placed on the same shaft, the first dial on the shaft is station¬ 
ary, and has engraved upon it the figures from one to nine, in as 
many series as there are movable dials, the other dials simply 
have apertures which in operation are turned so as to expose the 
numbers to be transmitted. This apparatus is manipulated with 
great rapidity, and as only the numbers to which the apparatus is 
set are exposed to view, the liability to error on the part of the 
operator is reduced to a minimum. 

The testing clock of the original Boston central office has been 
succeeded by an automatic testing apparatus of excellent design 
and beautiful workmanship, which indicates and makes a record 
of the condition of the circuits at stated periods of time. 

The best practice demands that there should be two separate 
circuits to communicate alarms from the central office to the 
engine houses so that in case of trouble on one circuit, the alarm 
may be received on the other. 

In central offices equipped with new apparatus within the last 
few years every safeguard is provided to prevent mistakes in the 
transmission of alarms. With the first blow on the gong from a 
box signal, a cylindrical indicator revolves and exposes the num- 



350 


BOSCH ON FIRE ALARM TELEGRAPH. 


[July 27, 


ber of the circuit from which the signal is being received, as 
well as the number of every box on that circuit. The operator 
may therefore while counting the signal, set the trausinittei, and 
with one glance at the printed record of the register, and another 
at the circuit indicator, verify its correctness and have the alarm 
in process of transmission within five seconds after the comple¬ 
tion of the first round from the box. 
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Discussion. 

The President: —This paper is an interesting example of 
one of the important functions which this body should per¬ 
form, and that is the putting on record, in complete and per¬ 
manent form, of the development of various branches of our 
profession. This particular subject is interesting as being 
one of the early successful applications of electricity, and also 
one with which Prof. Parmer’s name is associated. I know in 
ray own work that it is often a matter not only of great con¬ 
venience, but almost of necessity to have various subjects on 
record and in form sufficiently complete to be worth looking up, 
and particularly to have them in our own Transactions. There 
is no place where they can be more available for reference than 
there. I think that the paper therefore is to be specially com¬ 
mended as putting this subject on record. If there are any ques¬ 
tions or discussion upon it they are in order. 

Dr. Geo. F. Barker :— I do not remember the precise date at 
which the magneto was introduced for fire alarm purposes, but I 
recollect very distinctly seeing the magneto which was driven by 
water power, and which was used in the fire alarm telegraph in 
Boston. The fact impressed itself very distinctly on my mind 
by a little episode I witnessed in the office one day. One of the 
operators was exhibiting the instrument to some of his friends. 
There were ladies in the party. He was running the machine 
very slowly and amusing the ladies by inducing them to take 
hold of the electrodes, and get a pretty decided shock. Mean¬ 
while there was some construction going on above, and a brick¬ 
layer was carrying mortar and stuff from the top on a hod down 
to the foot of the stairs. He thought he would like to try it, 
and after the experiments were shown to the ladies, the operator 
put the whole force of the water on and drove the magneto up 
to its full capacity. In the meanwhile the hod carrier had been 
up with his hod and with another load of material he came down, 
and seeing that the instrument was entirely unoccupied he seized 
hold of the electrodes with both hands with very great vigor. 
The consequence was that the bricklayer, hod and all went on 
the ground. I am sure that that man if he were present could 
give us the precise date at which the magneto was introduced. 

Miss Farmer :—May I tell you just a little incident I have 
heard my father relate with a great deal of pleasure. At the 
time of the exhibition of the car he had some other experiments. 
Among them he put a five dollar gold piece in a basin of water 
that was charged, which he offered to any man who would, take 
it out. A big brawny fellow came there and took it out quickly, 
and father found that one of the wires was not connected up. 
The man had the five dollar gold piece. Father asked him to 
put it back again and told him he would put another one with it 
if he would. The man refused. He held on to his five dollar 



852 


BOSCH ON FIRE ALARM TELEGRAPH. 


[July 27, 


gold piece. There was some excitement and one after another 
offered to put more to it until I think they got up somewhere 
in the vicinity of $40 which they offered the man. He said no, 
that it cost him more than a month’s work, and he kept his five 
dollar gold piece. 

The President :—If there are no further remarks on this sub¬ 
ject, we will pass on to the next paper on the programme “Elec- 
ric Traction, Holes on the Application of Electric Motive Power 
to Railway Service, with illustrations from the Practice of the 
Metropolitan Elevated Road of Chicago,” by M. IT. Gerry, Jr., 
of Chicago. In the absence of the author, the paper will be read 
by the Secretary. 



A paper presented at the 14th General Meeting of 
the American Institute of Electrical Engineers , 
Eliot , Me. y July 27th , iSqy ; President Crocker 
in the Chair. 


ELECTRIC TRACTION. 

Notes on the Application of Electric Motive Power to 
Railway Service, with Illustrations from the Practice 
of the Metropolitan Elevated Road of Chicago. 


15Y M. II. GERRY, JR. 


In the following paper will be found a brief discussion of 
some of the more important problems arising in connection with 
the application of electric motive power to the heavier classes 
service. A number of tests and diagrams from the 
Metropolitan Elevated Railroad of Chicago, are introduced by 
way of illustration. 

A part of this paper relates especially to the application of 
electric power to passenger rapid transit on elevated and subur¬ 
ban roads. The conditions for this service differ somewhat from 
common railway practice. Regular stops are made at frequent 
intervals; the distance between statious on elevated roads, for 
example, averaging about lOOO feet. The interval between trains 
is small, and the time of stops very short. The traffic is irregular, 
is heavy at certain hours, and is apt to increase, and decrease at 
a rapid rate. To make the fast running time desired, the speed 
must increase up to the point where the brakes are applied; thus 
the maximum of speed is high compared with the mean speed. 
There is little or no opportunity for maintaining the speed, and 
the running time depends almost entirely upon the rate of ac¬ 
celerating and retarding of the train. 

With a given number of stops per mile, the amount of power 
required will increase very rapidly with the speed beyond a cer¬ 
tain point, and the cost per car mile will not furnish a reliable 
basis of comparison for the motive power of different roads un- 
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less the conditions are the same. A. slight difference m the 
average speed, or in distance between stations may cause a con¬ 
siderable change in the amount of power required. 

There are in operation at the present time several noteworthy 
examples of the application of electric motive power to the 
heavier classes of railway service. The most important of these 
installations are the Lake Street and the Metropolitan Elevated 
roads of Chicago, the Baltimore Tunnel Line of the Baltimore 
and Ohio, and the Nantasket and Berlin lines of the New York, 
New Haven and Hartford Railroad. From the experience gained 
on these roads, there is no longer a question in regard to the 
ability of properly designed electric motors to operate trains 
of the heaviest weights in service, and at any speed permissible 
under practical railroad conditions. In the future, matters of 
efficiency and general utility must determine the desirability of 
electric power for any particular railway service. 

Certain operating conditions have a special bearing on the 
efficiency of this form of motive power; the most important 
being the frequency of the train service. If traffic is such that 
a large number of trains must be operated on a division, the 
electric power will have an advantage in point of economy, 
over steam locomotives; and if the trains are few, the xevciso 
will be the case. This condition holds good independently of 
the weight of the trains or of the speed attained. The length 
of the line is in itself no bar to the successful operation of an 
electric railway system, as, by using alternating current ap¬ 
paratus, the power stations may be located favorably, and at long 


distances apart. 

The distribution of the current to the trains, while it presents 
many practical’ difficulties in detail, is not so serious a problem 
as it was thought to be at one time. Of the three systems of 
over-head conductor, conduit, and third rail, the last has given 
the best results, and is advisable wherever the conditions are 
such that it can be installed. For roads operating on their own 
right of way, there is really no serious objection to the third 
rail, and all of the difficulties encountered at crossings, switches 
and in yards can be overcome by methods already in use on the 
roads named above, or by other devices that have been proposed. 
It is not to be expected that all details of such a system are in 
an entirely satisfactory and final form, but they are practically 
operative at present and being constantly improved as difficulties 



1897/ 


GEERY ON ELECTRIC TRACTION. 


355 


develop in service. The experience already gained also justifies 
the statement that a reliable overhead or conduit system for 
heavy service can he constructed if the conditions favor the use 
of such methods. 


Thu Metropolitan Elevated Railroad. 

This system, now in its second year of operation, is the largest 
road in existence employing exclusively electric power for 
a heavy passenger service. 



Fio. 1. 


The structure lias four tracks, from Market street west to 
Marshfield avenue, at which point three double track lines di¬ 
verge. The northerly branch divides again near Robey street 
into two double track branches. From Market street to each of 
the terminals, the distance is about six miles. (See map, Fig. 1). 

Current is conveyed to the trains by the third rail system; the 
trolley rail ” being placed 20J inches outside, and inches 


u 



356 


GERRY ON ELECTRIC TRACTION. 


[July 27, 


above the running rail. It is of the common “ T ” section^ 
bonded with leaf copper bonds, and divided into sections to pro¬ 
vide for expansion. The insulation for the third-rail, on all but 
a small section of the road, consists of hard-wood blocks, mounted 
on small iron chairs fastened to the ties. On a recent extension 
an improved form of insulation made of stone-ware has been 
tried with success. The electric leakage is small at all times. 
In dry weather it is entirely negligible and in wet weather is 
never more than a few amperes. It is greatest after a dry season, 
when the first shower is washing the accumulated iron dust from 
the insulating blocks. Steel rails are used for feeders, and copper 
only to make connections. The feeder system is divided into 
six sections, which are tied together at junction points through 
circuit breakers placed in the interlocking towers. 

The rolling stock consists of motor cars, passenger cars and 
a few coal and flat cars. The motor cars measure 47 feet in 
length and weigh about 62,OCX) pounds when loaded to their 
maximum capacity. They are mounted on rigid bolster locomo¬ 
tive type trucks, having 33-inch steel tired wheels. The truck 
centers are 33 feet 6 inches apart and the truck wheel base 5 
feet 6 inches. One truck of each motor car is equipped with 
two motors, each nominally rated at 2,000 pounds drawbar pull. 
The motors are operated by series parallel controllers, situated 
in the cabs at each end of the car. Rheostats of the packed rib¬ 
bon type, used in connection with the controllers, are placed 
underneath the car. A circuit breaker placed in each cab is 
used both as a safety device and as a ipain switch for opening 
the circuit between the trolley device and the controller. A 
main fuse box is also provided, and placed in one of the cabs as 
an additional safety device, but experience has shown that fail¬ 
ures of the circuit breaker to act are so rare, that the former 
piece of apparatus might well be omitted. Circuit breakers 
have proven very satisfactory for this service, as they cost little 
for maintenance, are reliable as safety devices, and by their quick 
action reduce to a minimum the damage to apparatus from 
grounding and short-circuiting. 

The cars are warmed by electric heaters arranged in three 
circuits, two of which take about seven amperes each and the 
remaining circuit about four amperes. All of the heaters are 
required only in the coldest weather, and are turned on and off 
by the trainmen. By cutting out all or part of the heaters for 
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a short time when the traffic is heaviest, the peak of the load 
can be reduced and the heaters used to improve the load factor. 

The air-brakes are of the direct or u straight ” air type with an 
additional re-enforce cylinder. The air is compressed to 60 
pounds by a vertical pump, driven by a motor of about three 
horse power. The pump motors have automatic control, re¬ 
gulated by the air pressure and also hand control from each end 
of car. The pump with its motor and automatic controller is 
placed in one of the cabs. 

The passenger cars are 47 feet in length and of the standard 
pattern, in use on all elevated roads. They are mounted on 
swinging bolster trucks, having 30-inch wheels and when loaded 
to maximum capacity weigh about 46,000 pounds. Two, three, 
and four car trains are in service at different hours, correspond¬ 
ing with the traffic. About 1,200 trains are handled daily and 
under very close headway out of Franklin street terminal. 

The power house is supplied with water tube boilers, mechani¬ 
cal chain stokers, coal and ash handling machinery, forced draft, 
automatic oiling system and all modern appliances. The boilers 
are 14 in number and work at 165 pounds pressure. There are 
four vertical cross-compound engines, direct connected to the 
electric generators. The condensing water is taken from the 
Chicago river by tunnel, and water for the boilers from the city 
mains. There are four electric generators, two of 1,500 kilo¬ 
watt and two of 800 kilowatt capacity. The switchboard is 


placed on a gallery and is provided with the usual iustruments, 
including recording wattmeters for each generator. There are 
six feeder panels corresponding to the divisions of the feeder 
system. 


The Power Absorbed by Trains. 

In an electric railway system, the mechanical energy sup¬ 
plied at the engine shaft may be divided, for purposes of dis¬ 
cussion, into two general classes. First, that finally absorbed or 
utilized in propelling the train, and, secondly, the energy lost in 
transformation and transmission, including losses in generators, 
line, rheostats, and motors. 

The first division or class, that is, the energy to propel a rail¬ 
way train, may be divided again into three parts: First, that 
required to overcome inertia and accelerate the train to its 
maximum speed after each stop. Secondly, the energy required 
on account of ascending grades. Thirdly, that required to over- 




come train resistance; including friction, air resistance, etc. I! 
the stations arc far apart, the energy required to accelerate the 
train imiv he ncalcctcd without serious error, hut for a service 
when* trains make frequent slops, and the maximum speed is 
high, eon i pa red with tin* mean .speed, it becomes oi importance, 
and may easily he the greatest oi all losses. The amount o{ 
energy required for train acceleration, obviously depends upon 
the number of stops, the train weight and the maximum speed. 
Knowing these quantities, it can la* readily determined from the 

common mechanical formula for kinetic energy. f ■ ,*7-7 


t»4.4 



The horizontal elTorf or drawbar puil required to produce, a 
certain acceleration in a given time may la* obtained from the 


mechanical formula, f 


w a 


L 


The work done in ascending grades is the product of flat train 
weight and the vertical distance the train is lifted. Tins hori¬ 
zontal effort required to take a train up a grade is equal to the 
product, ol’ the train weight hy the per cent, of grade. 

Train resistance, as used in this paper, includes all retarding 
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forces other than those due to inertia and grades. Formulas 
for determining this quantity are empirical and are based upon 
experimental results, where the conditions have varied widely. 
I). K. Clark, in “ Kailwav Machinery,” recommends a formula 



which, reduced to tons, of two thousand pounds, becomes 

R = 7.1 + Another formula in use is R = 4 4- ~ z ' 

192 # T 200 

where R = resistance in pounds per ton of train weight, 
v = speed in miles per hour. These two formulas have been 
plotted in Fig. 2, and are marked respectively a and b. From 
measurements taken on the Metropolitan Elevated, the curve 
o has been determined and is used in the following discussions. 



In Figs. 3 and 4, are shown actual speed curves on a time and 
a distance base, for a train running between stations, 2,500 feet 
apart. For the purposes of discussion, consider the train weight 
as 100 tons and in the first case assume it to be on an ascend- 
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ing grade of 4 of 1 per cent. From the curves, the speed at 
the time brakes are applied is 24 miles per hour, and the kinetic 
energy at that speed, for the train, is 3,800,000 foot pounds. 
The "time consumed up to the point where brakes are applied is 
77 seconds, and the energy to overcome the 0.5 per cent, grade 
while the train is passing over the first 1,900, feet, is equal 
to 1,900,000 foot pounds. The energy to overcome tram re 
sistance for the same distance, is equal to 3,045,000 foot pounds. 
Summed up, the energy would be as follows : 

For accelerating the train. 3,800,000 loot pounds. 

For the grade . 1,900,000 

For train resistance. 1,045,000 

Total energy required. 6,745,000 

This represents the total energy that must be supplied to the 
train from the time of starting, up to the moment the brakes are 
applied. From this point, the acceleration is negative, and the 
kinetic energy of the train is absorbed by train resistance, the grade 
and the brakes. The amount taken up by the brakes is 2,900,000 

foot pounds. 

The above case is for the train on a 0.5 per cent, ascending 
oracle. For the train on a level the figures would he as follows: 

5 "? 

For accelerating train. 3,800,000 toot pounds. 

For train resistance. -. 1,045,000 

Total energy required. 4,845,000 

The amount absorbed by the brakes in this case will be 3,500,<>00 

foot pounds. 

For the same train and speed conditions for a 0.5 per cent, 
descending grade, the figures are, 

For accelerating the train . 3,800,000 foot pounds. 

For train resistance. 1,045,000 

Total energy required. 4,845,000 

Supplied by descending grade. 1,900,000 

Total external energy required. 2,945,000 “ 

The total energy absorbed by the brakes in stopping the train 
in this case is equal to 4,100,000 pounds. 

The foot pounds per ton mile in each of the cases cited are as 

follows: 

On an ascending grade... 142,000 foot pounds. 

On a level.*. 102,000 “ 

On descending grade. 62,000 
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The average speed taken from the curves in the cases cited is 
16.5 miles per hour, not including stops. Allowing twelve sec¬ 
onds for a stop, it is fifteen miles per hour. 

The average rate of using energy or the power, allowing time 


for stops, is as follows: 

On a .5 per cent, ascending grade . 106.5 h. p. 

On a level . 76.5 “ 

On a .5 per cent, descending grade. 46.5 “ 

The power may also be divided as follows: 

For accelerating the train . 60 h. p. 

For ascending grade.80 “ 

For train resistance. 16.5 “ 


These figures do not, of course, include losses in applying the 
power, and only represent the energy which must be applied at 
the rails to produce the results in the special cases named above. 
The conditions vary widely at times on the same road, but the 
above examples may serve to show how great is the percentage 
of power required to accelerate the trains when the stops are 
frequent. 

In a speed curve with a time base, such as Fig. 3, the area en¬ 
closed is proportional to the distance travelled. That part of the 
area enclosed by the curve from b to c, a perpendicular from the 
point c, and the base line, depends on the form of the braking 
curve and hence on the efficiency ol the brakes. The area en¬ 
closed by the curve from a to c, the perpendicular and the base 
line, depends on the form of the accelerating curve. The distance 
between stations being fixed, the area enclosed must be constant 
and independent of the form of the curves. The shape of the 
curve may be altered, however, in two general ways, first, by 
changing its form so as to still enclose the same area, with the 
same length of base, and secondly, by altering the form of the 
curve and changing the length of the base. This latter change 
will alter the time between stations, while either of the changes 
may or may not affect the amount of power used, this depending 
principally on the maximum speed attained. In Fig. 5, the curves 
a and b represent equal distances passed over in equal times, but 
the energy required for curve a is materially less than for curve 
b. The amount of power required in any case will depend 
largely upon the form of the speed curve, that is, upon the rates 
of accelerating and retarding of the train, and it is always desir¬ 
able to keep the maximum speed as low as possible. Motors 
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efficient at high speed are sometimes wasteful of energy because 
of insufficient torque, at starting and at low speeds, to produce a 
good form of acceleration curve. 

The train weight may he considered as made up of two parts, 
the live, or paying load, and the dead load, which includes the 
weight of rolling stock, motors, etc. As the amount of power 
required by the train varies almost directly as the weight, it is 
desirable to have the non-paving or dead load as small as possible. 
In order that there may be sufficient traction, a separate locomo¬ 
tive must weigh between four and five times the maximum draw¬ 
bar pull required by the train, all of which is dead load, in addi¬ 
tion to that of the cars. It has been stated that a rapid acceleration 
is desirable if there are many stops, but as each pound of increased 



maximum drawbar pull from a locomotive must add four or live 
pounds to the dead weight of the train, a point is soon reached 
where no further advantage is obtained by increasing weight on 
the drivers and drawbar pull. The weight admissible on the 
locomotive driving wheels, on account of track and structure, also 
limits the amount of traction, hence the drawbar pull and rate of 
train acceleration. Thus, for a service combining high speed 
and many stops, there are advantages in a form of motor which 
may be so placed as to utilize a part of the car weight and live, 
load, for purposes of traction. The cars should weigh as little as 
possible so as to reduce the total dead weight of the train, for it 
is well known that the ton-miles of paying load form only a small 
percentage of the total ton-miles moved. On elevated roads it is 
probably below six per cent, on the average and on some roads, 
below one per cent. 
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It is hoped that these remarks may direct attention to the ques¬ 
tion of economy in the use of power or to what may be called train 
efficiency, in contradistinction from the efficiency of the apparatus 
used in the generation and transmission of the power to the ear 
axles. This latter subject will now be considered. 

The Motors and Controlling- Apparatus. 

At the present time, direct current series motors with series- 
parallel controllers are in all but universal use for electric rail¬ 
ways. Shunt motors are in service in Europe to a limited extent, 
and alternating current motors have been given a trial. The latter 
have advantages under certain conditions for lines of considerable 



length where there are but few stops. Alternating current mo¬ 
tors tend to run at a nearly constant speed, approaching syn¬ 
chronism, and do not regulate with the same facility and efficiency 
as direct current motors. They develop, however, a good starting 
torque and may even produce a better form of torque-speed curve 
than the common series motors. The double conductor required 
with alternating current motors is an objection, but there are 
many advantages in their favor; the system is untried and its 
possibilities are not fully known. 

The characteristics of the motors in use on the Metropolitan 
Elevated are introduced in this paper rather than a general dis¬ 
cussion, and it is hoped that this will be acceptable. By modi¬ 
fying the design the relations existing between the torque, speed, 
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current and voltage, may be varied within wide limits, but the 
general relations are always the same and are well illustrated by 
the diagrams below. All modern railway motors are much alike, 
the designers having been forced by the conditions imposed upon 
them, into practically one general type of machine. The re¬ 
quirements are a large output, ability to withstand heavy over¬ 
loads, freedom from sparking, a low rotative speed, light weight 
and limited space. The result is the cast-steel multipolar motor, 
operating with nearly saturated fields and high magnetic den¬ 
sities in the armature. 

In electric motors, the relations between speed, horizontal 
effort (or torque), current, voltage, and efficiency are all fixed, 
and may: be readily determined for any particular motor. For 



most practical purposes it is best to represent these relations 
graphically. At a, in Fig. 6, the relation between current flow¬ 
ing and the static horizontal effort produced, is shown for the 
standard motors in use on the Metropolitan Elevated Eoad. Curve 
b, in the same figure, represents the horizontal effort produced 
when the motor is running with 500 volts at the terminals and 
at the speeds shown by o. The horizontal distance between a 
and b, represents the loss in horizontal effort due to friction and 
core losses. Curve d, in the same figure, gives the speeds which 
the motor would attain under the conditions named if there 
were no internal resistance, and the horizontal distance between 
the latter curve and o, represents the loss in speed due to such 
resistance. Thus the losses in a series motor may be divided. 
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Into two classes, those that lessen the torque and those that re¬ 
duce the speed. In Figs. 7 and 8, the relations between current, 
speed, and horizontal effort are plotted for the same motor at 
250 and 125 volts. The static horizontal effort is the same in 
all eases, but the running horizontal effort is slightly greater 
for the same. current at the lower voltages, because the losses 
which affect it are less at the lower speed. At the same time 
the percentage of loss due to internal resistance becomes greater, 
as it depends upon the current flowing, while the total input 
of energy varies with the electrical pressure as well; hence, the 
reduced efficiency at the lower voltages. Curves of efficiency, 
in relation to the current, are plotted in Fig. 9, for the same 



Fig. 9. 

voltages. In Fig. 10, the efficiency is plotted to the speed, and 
it will be seen that the curves fall off rapidly above or below a 
certain narrow range of speed over which the efficiency is high, 
at any one voltage. There is a considerable range of current 
and horizontal effort, over which the efficiency is high, as can be 
seen from Fig. 9, but it corresponds to only a small speed varia¬ 
tion. The relations of speed to horizontal effort are given in 
Fig. 11. The maximum working range of the motor is from 
350 to 4,000 pounds horizontal effort, and the total speed varia¬ 
tion on this range at 500 volts will be about 14 miles, and at 
250 volts, about 10 miles. The range of speed obtained in 
service at any one voltage is practically about one-half this 
amount, and if 250 and 500 volts be considered as the pressures 
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at the motor, in scries and parallel combination, then tin* total 
range of speed, without further alteration of the voltage by re¬ 
sistance in circuit, will be about 12 miles over a total speed 
ran ire of ft 4 miles. For each combination of motors in series 
parallel, there is a certain range of speed over which the etllei- 
ency is equal to that of the motors; but at all other speeds, re¬ 
sistance must be introduced in circuit and tin* efficiency is re¬ 
duced. 

The weight of the armature and other revolving parts is a. 
feature of importance in motors designed for a high-speed ser 
vice, requiring frequent stops. These parts should lx* as light, 
and the rotative speed as low as possible. The armatures of the. 



CURRENT-AMPERFS 
Fun 10. 


Metropolitan motors weigh approximately 1,100 pounds and are 

18£ inches in diameter. At SOU revolutions pur minute, cor¬ 
responding to 25 miles per hour, the kinetic, energy in each ar¬ 
mature is equal to 4ft,000 foot pounds. Thus, for a two motor 
equipment, 80,000 foot pounds of energy are dissipated each 
time the car is stopped from a speed of 25 miles per hour. This 
amount of energy will vary with the square of the maximum 
speed and if stops are frequent, it becomes an appreciable loss. 

The average load a motor is capable of sustaining is fixed by 
the permissible increase in temperature. The amount of such 
increase will depend on the average load, the efficiency of the 
motor and the extent and character of the heat radiating surfaces- 
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The actual load on a railway motor differs at times, very widely, 
from the average load, and ability to withstand these fluctuations, 
will depend in part on the heat storage capacity of the motor. 
The metal acts, to a considerable extent as a reserve of heat, re¬ 
ceiving it when the motor is doing its heaviest work and giving 
it up at lighter loads. A glance at the load diagrams in the latter 
part of this paper will serve to show how great these fluctuations 
may be under certain conditions. The amount of heat radiated 



in a given time varies greatly with the speed of the car and the 
temperatures. With the air at 60° F., and under average work¬ 
ing conditions, a Metropolitan motor will radiate heat at the rate 
of about 650 British heat units per minute. This is equal to 
15 horse-power, corresponding about to 60 horse-power of load¬ 
ing. But these motors will readily withstand for a considerable 
period of time a loading of three times this amount. Most of 
the heat produced by this additional loading must be stored in 
the metal of the armature and frame. A considerable part of the 
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heat is generated in the armature, but its thermal capacity being 
nearly 150 heat units per degree, a large amount of heat energy 
can be stored before the temperature reaches the danger point. 
Slow speed armatures in general have more metal in them, and 
are thus better able to stand a variable load. 

The speed of a series railway motor at any given impressed 
k. m. f. is fixed by the total resistance of the train. The hori¬ 
zontal effort developed must just equal the resistance, or the 
velocity will change; therefore, if it be desired to maintain a 
constant speed, or to vary the velocity in any manner not cor¬ 
responding to the fixed relations of speed and torque for the 
particular motor and voltage, it will be necessary to alter the im¬ 
pressed e. m. f., or to commutate the fields. To obtain this vari¬ 
able e. m. f. at the motor terminals from the constant e. m. f. of 
the line, many arrangements have been proposed, but only two 
are in use to any extent. They are by rheostat in the main cir¬ 
cuit, and by grouping two or more motors in series and parallel 

combinations. Practically the two methods are combined, and 

* 

are now in nearly general use. The rheostatic method wastes the 
energy represented by the reduction in voltage, and the series- 
parallel arrangement provides two or more voltages at the motors 
without preliminary loss. The controllers in use on the Metro¬ 
politan are two combination series-parallel and have three steps 
on the rheostat for each voltage. The losses in this apparatus 
vary from 10 to 20 per cent., depending upon the skill with 
which it is handled. With care this can be kept down to 10 per 
cent., making no allowance for the reduced efficiency of the 
motors at the lower voltages. The series-parallel system has de¬ 
cided advantages over all other methods thus far tried in practice, 
but it lacks flexibility and ultimately may not prove to be the 
best for heavy railway work and especially for high speed service. 

The selection of the proper motors and controlling apparatus 
for a given service, deserves more attention than it has generally 
received. The horse-power and maximum speed have too often 
been the determining quantities. A rating based on horse-power 
is now understood to be of little value, and the maximum speed 
of which a motor is capable may be of still less account as repre¬ 
senting its performance with a train. Quite generally, motors 
have been speeded too high, the result being insufficient starting 
torque, a poor commercial efficiency and less average speed than 
* better selected motor would have developed. 
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Anything like a complete discussion of modern railway gener- 
rators or of the problems connected with railway feeders, might 
well ho the subject of a separate paper. It is designed here simply 
to touch upon a few points relating to the general system. 

Railway generators at the present time are nearly all of a direct 
current type,but then 4 is reason to believe that in the future, two 
and three-phase alternating current, machines will be installed. 
The development of tin* rotary transformer will be largely re¬ 
sponsible for this change in practice. Power stations can be more 
favorably located in respect, to find and water supply, and through 
sub-stations furnish power to larger areas. With this change will 
come also greater economy in the production of power, which 
cannot, hut have a favorable effect on the development, of the 
electric railway. 

The commercial efficiency of rail way generators varies from W 
to 95 per cent. Under favorable conditions, the average or tC all 
day’ 1 loss for large direct connected machinery (units of over <>00 
k. w.j is about seven percent. Direct connected alternating cur¬ 
rent iron orators give about the same efficiency as direct current 
generators. Oommerciallv, the best results arc* obtained with a 

i) « 1 

few units of large si/a*. It is unnecessary and poor practice to 
install many small units for railway work. 

The load line of an electric railway is subject-to two kinds of fluc¬ 
tuations; first, those*, sudden changes caused by the starting together 
of a number of trains, and secondly, the more gradual change due 
to the variation of traffic at different hours of the day. On 
roads operating but few oars, the fluctuations due to tin* first 
cause are of considerable amount, but on large systems with 
many cars the changes in loading from starting up of trains 
are very slight—hardly noticeable, in fact—and this is especially 
the cast* if the feeders are tied together ami form a network. 
There* still exists, however, tin* change in the load line cor¬ 
responding with the traffic. A railway load line differs from 
that of a lighting station in having two marly equal u peaks 57 
or points of maxima, one in the morning and one in the 
evening. These variations are best taken care of by cutting in 
and out units, while the momentary changes can usually he eared 
for by a slight overloading of the machinery. Engines and gene- 
ators for railway purposes have a good efficiency over quite a 
wide range and generally stand overloads very well. In Fig. P2 
are shown seven load curves from the power station of the Met- 
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ropolitan Elevated. The curves correspond to the days of the 
week and indicate the average power taken, but do not show mo¬ 
mentary fluctuations, caused by the movement of trains. The 

91 

chief characteristics of these curves are the two decided u peaks” 
oe/urring daily with great regularity. The peaks vary as to amount 
and time, with the season of the year, and to some extent with 
the weather, hut are always present in a marked degree. Street 
railway systems with many lines extending to different parts of a 
city, usually show a station load with less decided and broader 
peaks. This is due in part to the habits and occupations of the 
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patrons of the various lines which determine the hours of maxi¬ 
mum traffic. When combined, the load curves from, a number 
of such lines will give a more favorable station load than any one 
line or group of lines in the same section of a city. 

The load curves of the Metropolitan have proven to be a very 
sensitive index of the traffic. A delay on the competing cable 
lines or increase of travel from any cause is at once notifiable in 
the power house. The greater station loading is due not so much 
to the increased weight in passengers carried, as to the longer 
stops necessary to discharge and to take on passengers; thus re¬ 
quiring a higher speed to keep the trains on time. 
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The feeder system has an effect upon the form of load curves as 
well as upon the total amount of energy required. The highest 
percentage of loss will occur at the moment of greatest loading, but 
this rarely takes place at the same time on different sections, and 
an advantage is obtained by connecting the lines together to form 
a net work as far as possible. Feeders are usually divided into 
sections as a inatter of safetv and convenience. The best economy 

•» u 

of copper and of power, and the most favorable load lines are ob¬ 
tained when the number of such sections are as few as consistent 
with the safety and flexibility of the system. When feeder sec¬ 
tions are connected, the best practice calls for a fuse or circuit 
breaker in this circuit. The permissible percentage of loss be¬ 
tween the power house and the trains, is partly a commercial 
question, depending on the cost of power, and interest on the 
feeder investment. Transformers, rotary converters, boosters, 
batteries, and similar apparatus forming a part of the feeder sys¬ 
tem, should be considered with special reference to cost, operating 
expense, all day efficiency and effect on the load factor of the 
generating station. . 

The Efficiency of Transmission. 

The energy dissipated between the engine and the car axles 
may be divided into three parts, that lost in the electrical genera¬ 
tors, the losses in the transmission lines (including transformers, 
rotaries, etc.) and the losses in the car controlling apparatus and 
motors. 

The amount of loss in the generators will depend upon their 
efficiency and average loading. Modern railway generators have 
good efficiency above half load, and in stations designed with 
reference to the load line, there is but little difficulty in keeping 
the machinery above three-quarters at all times. In the table 
below are given the efficiencies for a number of direct connected 
machines of modern design. 


TYPE OF MACHINE. 

COMMERCIAL 

EFFICIENCY. 


Full load. 

4 load. 

£ load. 

£ load. 

D. C. Generator, 700 k. w .. 

. 94 

93 

92 

— 

D. 0. Generator, 750 k. w. 

.93.5 

92.5 

91 

85 

D. C. Generator, 800 k. w . 

. 96 

95 

92 

— 

D. O. Generator, 1,500 k. w. 

. 94.5 

94 

93 

— 

A. C. Generator, 750 k. w. 

. 94 

93 

91 

— 

A. C. Generator, 600 k. w. 

.93.5 

92 

87 

82 

A. C. Generator, 700 k. w. 

. 94 

92 

90 

83 

A. C. Generator, 650 k. w. 

.93.5 

91.5 

89.5 

— 

Rotary transformer, 650 k. w_ 

. 94 

92 

90 

— 

Rotary transformer, 600 K. w_ 

. 95.5 

92.5 

90 

84 
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With machines of this type and size, the all day efficiency 
ought to be about 1)2 per cent. A sub-station provided with 
rotaries and static transformers working under a good average 
loading, should have an efficiency of about 89 per cent.; a loss of 
8 per cent, in the rotaries and 8 per cent, in the transformers. 
The sub-station apparatus is at its highest efficiency at the time of 
greatest loading, when the feeder lines are at the lowest efficiency 
and thus have a favorable effect on the load line. 

The losses on railway feeders vary from 10 to 25 per cent. 
Often there is sufficient copper if rightly distributed and tied to¬ 
gether to reduce this at least one-half. Such a change would also 
improve the load factor and increase the efficiency of the station. 
The losses in the motors and car apparatus have already been re¬ 
ferred to in this paper, but actual data and tests are here intro¬ 
duced in evidence. 

From a large number of tests made on the trains of the Metro¬ 
politan Elevated Road, the following have been selected as illus¬ 


No. of trip. 

X 

i 

2 j 

J 

4 

5 

6 

7 

H 

No. of cars in train 

4 

4 ! 

4 

3 

3 

2 

V 

4 

Total time of trip.. 

28'26" 

*.!0'03" 

* 

vM'30" 

aS'37" 

27'26" 

‘.s'30" 

*U'4»" 

4 ' r 

Total time of stops. 

a-19 

a 05 

2-42 

1-47 

1 -x6 

0-54 

1-22 

I 41 

'rime running. 

26-07 

26-58 

«5 'S8 

a 6- 50 

26-10 


22-20 

31 03 

Average speed (in¬ 
cluding stops).... 

I 3*:t 

13.° 

13.2 

13.88 

14 4 

14.9 

15-9 


Average speed (not 
including stops).. 

14.4 

14.0 


14.7 

*5-1 

*5-3 

l6.8 

12,2 

Average c urrent 
(including stops). 

138.3 

142.6 

138,6 

130.2 

129.4 

90. r 

lo6,6 

xot. r 

Average current 
(not including 
stops). 

148.7 

153,2 

151.8 

*37*4 

135.6 

ya-s 

r 12.4 

106.4 

Average volts (at 
the tram). 

504 

498 

S°3 

512 

5x6 

Sat 

529 

S°9 

Efficiency f r o m 
generators to car 
axles. 

5* 

5°*S 

52 

<".< * 

5* 

5 * • 5 

50 

47-!; 

Kilowatt hours pet- 
car mile (at the 
tram). 

1.32 

x.36 

x.32 

x.6 9 

1.63 

1 58 

r.76 

x.ir 

Kilowatt hours per 
car mile (at the 
station). 

r #44 

T 52 

r.44 

t.8r 

x.68 

1.67 

t. 69 

1.21 


trating this part of the subject. The trips are numbered from 
•one to eight, and in the table below the data for each trip arc 
given, together with the general results obtained. All of these 
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runs were made on a dry track, in moderate weather and under 
average working conditions. The total electrical energy at the 
train was measured by Thomson recording wattmeters and the 
voltage and current by Weston instruments. The velocity record 
was taken from a Boyer speed recorder and the stops and average 
speed from a double set of stop-watches. The pressure at the 
station was measured by a recording voltmeter. 

Trip No. 1 was made from Franklin street over the Logan 
Square line with a four-car train, heavily loaded, making an 
average running time of 13.27 miles per hour. The maximum 
grade on this line, going west, is 0.75 per cent, ascending for about 
2,350 feet, and descending for about 1,950 feet. Other grades do 
not exceed 0.03 per cent, and only extend short distances. Cur¬ 
rent and speed diagrams on a time basis are plotted in Fig. 13 for 
trip No. 1. The current is the total amount taken by the train 
for power, and an inspection of the diagram will readily show the 
point of passing from series to multiple. The amount of energy 
required or absorbed by the train is as follows: 


Total energy for accelerating the train.. 30,940,000 ft. lbs. 

Total energy for train resistance... 14,110,000 ft. lbs. 

Total energy for grade.„. 3,400,000 ft. lbs. 

Total energy required for propelling the train. 48,450,000 ft. lbs. 

Per cent, of energy for accelerating. 63.9. 

Per cent, of energy for train resistance. 29.1. 

Per cent, of energy for grade... 7.0. 

* 

Time of trip, including stops.28 min. 26 sec. 

Average n. p. required for propelling train. 51.5. 

Average amperes of current. 138.25, 

Average volts at train. 504. 

Average watts at train.69,678. 

Electrical horse-power transmitted to the train. 93.4. 

Average volts at the station. 545. 

Average watts at the station.....75,346. 

Electrical horse-power at the station. 101. 

Efficiency from electrical generators to car axles. 51 %. 


Assuming the commercial efficiency of the generators as 93 
per cent, the total power required at the engine shaft, to propel 
this train, is 108.5 horse power. 

Trip number 2 was made with a four-car train, under similar 
conditions to trip number 1. A current curve on a time basis 
is given for this trip in Fig. 14. In all of the current curves, it 
is easy to distinguish by inspection when the motors are in series 
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and when in multiple. The steps on the controller are also dis¬ 
tinguishable by the greater peaks on the curves. The smaller 
peaks and other irregularities are due, principally, to changes in 
voltage, caused by oilier trains in tin* same section, taking more 
or less current. 

Trip No. ;> was made under similar conditions to trips 1 and 

and the data and result's are given in the table. 

Trip No. 4 arid f> were made with heavily loaded three-ear 
trains and the results are set forth in the table. 1 loth the speed 
and commercial etlieiency of apparatus are higher than in the 
ease of the tour-car trains. A diagram of current on a time 
basis lor trip No. i is given in Fig. In, and a speed curve on a 
distance ha,sis in figure 18 , 

Trips No. f> and 7 are with two-ear trains and show a higher 
speed than attained in the ease of the three and four-ear trains. 
The greater amount of power consumed in trip 7 is due, mainly, 
to the increased speed over trip (!. A current curve for the 
latter trip is shown in Fig. Hi, and a speed curve in Fig. 17 . 

Trip No. $ was made with four loaded ears and the motors 
operating only in series. Both the speed and current, are less than 
Or similar trips with the motors operating in series and multiple. 
The percentage of power saved is greater than that of the redac¬ 
tion in speed, hut tin’s is due, not to a better etlieiency of the ap¬ 
paratus at lower speeds, hut to the fact that the amount, of power 
required to propel a train making many stops, decreases more 
rapidly than the average speed. The*current diagram for the trip 
is given in Fig. i 7 . 

1 he amount ol power lost in the machinery and line, as indi¬ 
cated hy the commercial cflieieney of the apparatus given in the 
table, might seem at lirst thought to he largo, hut considering 
the transformation and the distance of transmission, it is cer¬ 
tainly not excessive. The loss in this respect, is offset, hy the 
smaller cost of producing energy by power-house methods. The 
train weight also may bo minced with electric power to a 
point impossible with steam locomotives, and the rate of ac¬ 
celeration increased, and thus a saving effected in power used at 
the train. While this does not improve the eflioieney of the 
transmission, it reduces the total amount of power required, and 
as a feature of the system, it: should he given due credit. 

Electrical energy can be produced in the vicinity of Chicago, 
with cheap coal, under the conditions of a railroad load, at less 



Fig. 13. 


Fig. 14. 


Fig. 15. 


Fig. 18, 
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Fig. 18 


Fig. 19 
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than half-a-cent per kilowatt-hour, and in the form of mechani¬ 
cal energy at the car axles, costing about otic cent per kilowatt- 
hour, it is several per cent, cheaper than it can be generated by 
steam locomotives. Add to this the actual saving in energy 
from a more rapid acceleration and from reduced train weight, 
and the total direct advantage for the electrical system is obtained 
as far as economy in power is concerned. 

While any reduction in the cost of power (not only for fuel, 
but repairs, labor, water, oil and waste, etc.) is of great importance 
to railroads, the many other advantages of electricity, representing 
betterments of the service and greater earning capacity are the 
chief qualities which will determine its adoption in any case in 
place of steam locomotives. As a motive power electricity is 
simple, efficient and wonderfully flexible, and it is hardly wise 
to predict its limitations. 
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Discussion. 

The Pk'Ksident: —Gentlemen, this paper is a most timely one 
and given to us in truly professional form. I think we can con¬ 
sider ourselves as owing a special debt of gratitude to Mr. Derry. 
It is the very kind of paper that those of us who have to do with 
getting papers are anxious to secure. 

1 )u, Pkkkink :—I have recently been talking with Mr. Sprague 
about this problem of electric railroading, and oil account, of some 
of his ideas I regret exceedingly that he is not here to-night,and 
I would like to speak on some of the points to which he has 
called my attention. In the lirst place, Mr. Sprague holds that 
the simple question of cheapness would not be one which would 
entitle a heavy road, such as an elevated road, to substitute elec¬ 
tricity as its motive power, lie makes the statement, that seems 
to me to he rather extreme*--nevertheless we understand that he 
generally knows what: he is talkingahout---that.il on the elevated 
railroads of New York a system of power were applied which 
would lead to the hauling of one more passenger, per ear, per 
station, in each train, the added revenue so acquired would 
amount to more than saving one-half the coal bill as at present 
used, and starting from this promise, what is demanded from the 
application of electricity to steam railroading is not so much 
cheapness, as increased facilities. lie attaches even mom impor¬ 
tance to the rapid acceleration of trains than is attached to it in 
this paper, where 1 it shows that the rapid acceleration reduces the 
total amount of energy required to move across between two 
stops a certain distance apart, and in order to accomplish this Mr. 
Sprague is now attempting to control from one end of the train 
a series of motors all located on the separate ears; so that, not 
only do we have the track adhesion of our locomotive car, but 
with any loaded trains we have the track adhesion which may be 
given by the entire weight of the train,and particularly on grades 
and curves this facilitates the rapid handling of trains. It seems 
to me that too much importance cannot be attached to this ques¬ 
tion of the rapidity of acceleration, for rapid accede rat ion means 
not simply the reduction in the amount of power necessary to 
move a train, but it means what is of still greater importance,, 
the facility of getting trains out of the way and permitting new 
trains to come in. In other words it means the handling of the 
whole service on shorter headway, and in consequence of a greater 
possible number of trains, the handling of a definite amount of 
traffic with a less concentrated load on the structure, and also a 
more satisfactory service which will induce increased travel. 
This line of argument seems to me to be of very great import¬ 
ance. As I said, I am exceedingly sorry that Mr. Sprague is not 
here to-night to give us his ideas In Ids enthusiastic way, but this 
much I gathered, and coming together with this paper, it shows 
that the two engineers are thinking a great deal along the same 
lines and that adds to the interests of the conclusions. 
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The President: — I might add to what Dr. Perrine has said, 
that Mr. Sprague mentioned to me another advantage of the 
system which he advocates, and that is that you could maintain 
the same headway all through the day by simply reducing the 
length of trains for periods of light load, and he thought that 
would be a great factor in retaining the trade; that is to say, 
during the middle of the day the trains are run at long intervals; 
many persons get into the habit of using other means of trans¬ 
portation, whereas if you could keep up the same headway the 
public would become accustomed to using the elevated roads at 
all times. I believe that has been found to be one difficulty— 
the long intervals in the middle of the day impress people 
unfavorably in regard to the elevated roads, and he brought that 
out as one of the strong points of motor cars, which enable the 
trains to be made up of any number of cars and easily increased 
or decreased. That system certainly seems to possess many 
advantages. 

The Secretary :—The question of headway is of considerable 
importance in retaining the traffic, as many of us know from per¬ 
sonal experience. One of the objections always raised to suburban 
traffic is, that one has to be governed by a time table, while on 
the Manhattan Elevated Eailway one gets into the habit of start¬ 
ing when he is ready and waiting for a train. The difficulty of 
infrequent trains also occurs at night, at least after the theatres 
close. I suppose it is expected that everyone should be at home 
by that time. One goes to a station expecting to catch a train, 
and will have to wait perhaps fifteen minutes. That is rather 
objectionable when it gets to be twelve or one o’clock at night 
and the passenger is going out of town and has to make a train 
connection. Furthermore the management is not very particular 
about informing people as to the exact headway under which 
trains are run, and the consequence is that one is in entire ignor¬ 
ance as to when a train may be along, as no proper announce¬ 
ments are made that the trains are to be changed from a ten 
minute headway to a fifteen minute headway or whatever it may 
be. And that leads up to the manner in which they endeavor to 
accommodate their light traffic by taking off trains, and of course 
the more trains they take off the lighter the traffic becomes, be¬ 
cause in New York City the elevated is paralleled by the cable 
road which at night is practically as quick and the cars more fre¬ 
quent. 

Prof. Thomson :—I happen to know of this suggestion of Mr. 
Sprague and there is no question whatever but that the advantages 
pointed out exist. There is just one remark to be made however 
in that connection, that complexity is introduced by having the 
cars all equipped with motors, and the difficulties of making con¬ 
nections from car to car are greatly increased of course in coup¬ 
ling ; so that it may become a serious question as to whether we 
are not paying too much for some of these advantages ; whether 
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in other words we ought to extend the complexity so far as has 
been proposed, to obtain the advantages which follow, or whether 
there is not some other way out of it. Each car, as I understand 
it, would have to be possessed of a controller system of its own, 
and that controller manipulated by some automatic mechanism 
from the head of the train. Of course this means a good deal of 
change of mechanism, some of which may get out of order and a 
few stoppages might be of more serious import to the success of 
the road than the disadvantages of having a, simpler mechanism 
which did not full! so many conditions. 

M u. Dunn :—I believe Mr. Sprague expects that even if the 
mechanism on one car or two cars does get out of order that the 
others will carry it right along, and he hopes by that means to 
reduce very largely that chance. 

Mr. (J. P. Stkinmktz The problem of elevated railroad 
service is becoming exceedingly important at present. This is a 
city railroad service of high speed with very frequent stops, at 
intervals from 1500 to .‘>000 feet. 

Rome very interesting theoretical investigations of this problem 
have been made by one of my assistants, Mr. A. 11. Armstrong, 
and will be published in due time, and since I had occasion to 
find the results checked by practical experience, I shall give a 
few of the conclusions, which by the way an* brought out quite 
prominently by this paper also. 

The elevated railroad service* differs from all other railroading 
by the feature that the motors never run at full speed, but that 
the whole trip practically consists in acceleration and retardation. 
That is, the distance between stops is usually so short that before 
the train has reached the full speed of which the motors are 
capable, the brakes have to be applied for the stop at the next 
station. Thus the speed curve of such a railroad trip is as shown 
in the solid line in Fig. 20. This curve represents a run of 2000 
feet in 70 sec. or an average speed of 10.5 miles per hour. As 
accelerating efforts are used, 100 lbs. per ton; as friction 10 lbs. 
per ton, and 150 lbs. per ton train weight as braking effort. 

As seen, the train accelerates for 31 sec., reaching a maximum 
speed of 30.5 miles pen* hour. Then the power is turned off and 
the train runs on its momentum, that is coasting, until f>2£ sec. 
after the start the brakes have to be applied and the train brought 
to a standstill for the next stop. By changing the amount of 
acceleration and retardation the speed curve can be varied to a 
considerable extent. Four such curves are shown in Fig. 21. 

As seen, the lowest acceleration at which the distance can be 
covered in schedule time is 87 lbs. per ton. With this value, 
acceleration has to be maintained for 46.5 seconds and imme¬ 
diately after the brakes have to be applied, that is the range of 
coasting has entirely disappeared and the maximum speed reached 
by the train is 38.2 miles. The more rapid the acceleration is, 
the shorter time is needed for accelerating, and the more time 
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available foi coasting, and at the same time the maximum speed 
readied by the tiaiii decreases to 30.5 miles per hour at 100 lbs. 
acceleration, nines per hour at 150 lbs. acceleration, and 24.8 
miles per horn m the tlieoretical case of infinite acceleration, that 
is if the tram could be brought up to maximum speed instantly. 

One very interesting feature regarding the total amount of 
energy consumed by the train during the trip is brought out by 
these curves. \\ ith the change of the rate of acceleration, the 
maximum speed of the train changes from 24.8 miles per hour at 
infinitely rapid acceleration, to 38.2 miles per hour at the lowest 
permissible acceleration, that is in the proportion of 1 to 1.54, and 
consequently the kinetic energy of the train in the proportion of 
about 1 to 2.4, and the energy put into the train for acceleration 
in a still somewhat larger proportion, since at the lower accelera¬ 
tion, the time of acceleration and thus the friction loss during this 
time is greater. 



Since the power put into the train up to the point of maximum 
speed represents the total energy required to cover the distance 
in schedule time, it follows that by varying the rate of accelera¬ 
tion the energy consumed by the train can be varied in the pro¬ 
portion of .1 to more than 2.4, or in other words with the slowest 
possible acceleration more than 2| times (allowing for friction 
during acceleration) as much energy is required as would be nec¬ 
essary at infinitely rapid acceleration, or in other words the more 
rapid the acceleration of the train the less energy is required to 
cover the distance in schedule time,—but at the same time the 
larger must be the current and power put into the motors during 
the time they are in operation, etc. 

A lesser maximum speed than necessary during a run consist¬ 
ing of acceleration, coasting and retardation, can be reached with 
a given rate of acceleration and retardation by a run consisting of 
acceleration, running at constant speed and retardation. 
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The efficiency of the latter run, however, is considerably lower 
than in the former, as seen by comparing the two speed time 
curves a, b, o, d, and a, d in Fig. 22. At the same schedule 
time the areas of the two speed carves a, c, d, and a, J 1 , e\ d 
are equal. With the speed curve a. 5, c, d, consisting of acceler¬ 
ation, running at constant speed and retardation, the total power 
put into the train is the acceleration up to speed 5, c plus the 
power consumed by friction from a to f. 

With the speed curve a, S l , & d, consisting of acceleration, 
coasting, and retardation, the total amount of power put into the 
train is that giving the train momentum at speed ¥ d plus the 
power consumed by friction during the time from a to e\ that is 
the time during which the motor is in circuit. Thus in the first 
case the power input is less by acceleration from b to 5 1 , but more 
by the friction loss from 6 1 to f. This friction loss, however pro¬ 
duces retardation from ¥ to g and thus is equal to the acceleration 
from 7i to b l (where h g is parallel to a d). Hence in the case of 


s' 



a e e' f f' rf 

Fig. 22 


running at constant speed, the power input exceeds that of the 
case of coasting with the power shut off, by the power consumed 
in the acceleration from h to 5. 

In another way this can be seen thus: The total power input 
during run is equal to that consumed in the brake during retar¬ 
dation, plus that consumed by friction. The power consumed by 
the friction is the same in any case. The power consumed by 
the brakes, however, is less in the case of coasting in which the 
brakes are applied at a lower speed, than in the case of running 
at constant speed, and consequently the economy of operation is 
higher in the first case. 

Thus it is theoretically uneconomical to leave the motor in cir¬ 
cuit after the period of acceleration is passed, and run at constant 
speed. In practice the run at constant speed is still much infer¬ 
ior, due to the low efficiency of a motor built for high accelera¬ 
tion and running at speed, that is at very light load, and it is 
therefore preferable to accelerate and then coast until the brakes 
have to be applied. 

A slight gain can be reached by dropping the acceleration off 








1897.] 


DISCUSSION AT ELIOT\ ME. 


881 


slightly near the maximum speed, in running “ on the motor curve ” 
as shown in dotted line in Fig. 20. During the whole part of 
acceleration at constant torque, a greater or lesser part of the 
voltage has to be consumed in the rheostat, since without rheostat 
or equivalent means, the series motor cannot maintain constant 
torque at constant voltage but varying speed. This loss in the 
rheostat can be reduced partly by having the rheostat cut out com¬ 
pletely somewhat before maximum speed is reached, and acceler¬ 
ate during the last part of acceleration on the motor without 
rheostat, that is with an accelerating effort decreasing with the 
speed. The permissible range of acceleration on the motor curve, 
that is without rheostat, is very short, however, since the torque 
drops off quite rapidly with increasing speed, and in practical 
operation sufficient margin must be left in the motors to carry a 
somewhat larger load, as at times of unusually heavy traffic, or to 
a make up time.’ 7 

Thus the faster the acceleration the less energy has to be put 
into the train to reach the maximum speed needed to cover the 
distance in schedule time, and to be wasted afterwards in retarda¬ 
tion, that is to be consumed by heating the brakes and grinding 
up the car wheels. Plere then is an enormous chance for improve¬ 
ment, since by far the largest amount of power in elevated service 
is merely used to set a heavy mass in motion and afterwards wasted 
by destroying the motion again. A very ingenious method to 
use a part'of this energy, although not applicable to most elevated 
roads, will be applied in the Central London Subway Railroad, 
where they intend to run heavy trains every 2J or 2 minutes. 
Their underground stations are built on what may be called hills, 
that is the road-bed is not on a level but rises to the station, so 
that when a train leaves the station it runs down a fairly heavy 
grade and gravity is used to accelerate the train, and in approach¬ 
ing the next station the up grade towards the station is used to 
retard the train, hereby less electrical acceleration and less retard¬ 
ation by brakes is needed, and motors as well as brakes greatly 
relieved, and it is estimated that in this manner about of the 
power will be saved. 

.Referring now to the ability of exceedingly fast accelerations 
by a very great subdivision of motors. Undoubtedly a consider¬ 
able advantage is gained by making as many axles driving as pos¬ 
sible. I doubt, however, whether it is necessary to have all axles 
driving. In elevated service the limit of permissible acceleration 
is probably not the adhesion of all the axles but the comfort of 
the passengers, and before you strike the limit of adhesion of even 
half the ax lesor less, you probably reach the point where accelera- 
tion is so rapid as to be too uncomfortable to be permissible. 

Du. Perrine: —The two first statements of Mr. Steinmetz are 
liable to confused interpretation, and I think that the statements 
of the paper are also liable to the same interpretation. Taking 
the second first, as being the simpler, Mr. Steinmetz says that 
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acceleration as now practiced in electric railroading or in street 
railroading in general is as rapid as comfort will allow. I think 
by examining Fig. 4 page 359 you will see that it is not so, be¬ 
cause one can stand just as rapid acceleration as retardation. 
Whereas.the total retardation is in about 25 seconds, the total 
acceleration is. in .something over 60 seconds, which shows that 
we have a possibility, still within comfort, of a great deal more 
rapid acceleration than at present. The second thing he said 
was that the paper showed that the more rapid the acceleration 
the less was the power. This apparently contradicts his state¬ 
ment that the history of running a train between stations was 
simply acceleration and. retardation. Thus this statement should 
be qualified to avoid misunderstanding. JEIis meaning' obviously 
was that in elevated railway service the motors never reach the 
constant speed at which they could run without rheostat, but 
that before this time the acceleration has to cease, and the speed 
be maintained constant by a rheostat, or the motor cut off and 
the train run on its momemtum, that is retarded by the train 
friction, until the brakes are applied. There should be a time 
between acceleration and retardation by the brakes, as shown also 
m the curves given by Mr. Steinmetz, and the value of the rapid 
acceleration consists almost entirely in the fact that with the same 
time between stations we can actually bring our train up to speed, 
and remove the condition that the whole history of the train be¬ 
tween stations is acceleration and braking. 

Mr Steinmetz Referring to Figs. 3 and 4 of the paper, 
while tne total amount of time used for acceleration is consider- 
ablv greater than that of retardation, you see that the first part 
of the acceleration curve is practically as steep as the retardation 
cut ve, t lus this rapid initial rate should have been kept up dur¬ 
ing ie whole acceleration and considerable power would have 

0661} S8jV6Q. 

I fully agree with Dr. Perrine that the most efficient way is to 
accelerate as rapidly as permissible until you have reached^ suffi- 
ment speed to carry, you to the next station in schedule time, 

?»iter?° aS Ti untll f i rt 18 tlme to apply brakes in approaching the 
station. . It was this very condition of economy which I tried to 

explain in my former statement as superior to the method of 

W m If mr r 01 ,7 n ° ireuit and accelerating until the brakes 
have to be applied for the next station. 

k fl H0 /f S0N : r The desirable thing to do it seems to me, 
would be first to get energy into the train rapidly. Your prime 

“ -rage speed which will consume a certain 

timi mS ffrlff 1011 ft therefore, you can have your accelera- 

and theni coast the whole of the rest of the distance, of 

f eanS ' 16 beSt P° S8lble condition, because the energy 
fffff f e tra . m w represented simplvby the consumption up to 
f d , f acceleration. Now if, on tlie other hand, you simply 
reverse the diagram, getting the same average speed you acceler 
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ate far more slowly: you consume the same amount of energy 
during that time : you store it up in the train and you now waste 
it all at the same rate you put it in before, by braking. Thus 
you have the same average speed maintained, and the same time 
consumed : but in one case a very rapid acceleration and coast¬ 
ing to the other station : whereas, in the other case the accelera¬ 
tion is very slow and a sudden braking. But of course in prac¬ 
tice that may not lit the conditions. It may require too high 
speed to be maintained or too high an acceleration, more than 
can be obtained, so that the next best thing we can do is to get 
as high speed as is permissible at first, run along and come out 
at the end so that we have to use as little braking as possible: 
possibly putting on power again in case the speed fails to be 
maintained as is needed. Of course, the system must be flexible, 
and we do not ever hope to meet the theoretical conditions, but 
we must approach them as near as practice will allow. The 
point is, to determine what is the theoretical condition, and then 
see how nearly we can come to it in actual practice. 

The President: —It seems to me that the problem from a 
mechanical point of view is an extremely simple one. The fact 
that the author considers paradoxical, is simply this ; that if you 
had an infinitely rapid rate of acceleration to a given speed and 
then an infinite rate of retardation as suggested by Mr. Steinmetz, 
and leaving out the question of stops, you would get the most 
economical condition, and hence the kinetic energy put into the 
train would be a minimum. 


The following paper on “ The Cost of Steam Power, by Mr. 
H. A. Foster,” was read at the morning session, July 2sth, by 
the Secretary, in the absence of the author: 




A paper presented at the 14th General Meeting 
of the American Institute of Electrical Engi¬ 
neers, Eliot , Me., July 27th, 1897. President 
Crocker in the Chair. 


THE COST OF STEAM PGWETt. 


BY HORATIO A. FOSTER. 


In this age of electricity, when so much is being done in the 
way of developing its applications, and especially in its applica¬ 
tion to the transmission and distribution of power, perhaps no 
one item causes so much controversy as the cost of steam and 
other familiar forms of power. It seems to have been taken for 
granted for years that anyone and everyone knows the cost of 
developing power by steam, and in almost all cases when a per¬ 
son stating such costs is pinned down to facts, it has been found 
that he is either guessing, or quoting those he supposes are 
authorities. It is to be presumed that statements of actual tests 
for cost might have been published, but the writer has in a 
somewhat extended search run across but one such statement 
that might be considered reliable, and that was a test for some¬ 
thing under 100 days, and that practically confined to the warm 
season of the year and not therefore of the greatest value. 

Other estimates have been made from extended experience 
and carefully revised theory, and in fact little can be added to 
tables published during the past few years by some of our most 
eminent and best qualified engineers, in the way of carefully 
prepared estimates of what should perhaps be called the average 
cost of producing steam power under various conditions as to 
amount of power and the type of machinery employed. 

It must be said, though, that almost all these estimates have 
been made for powers of large size and where little variation of 
load takes place, and, while such estimates are of great value 
for use in discussion of the subjects, the writer has found them 
somewhat unsafe to use unless their results are applied in con- 
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nection with extended experience, for, while the results con¬ 
sidered as averages are probably correct for ordinary conditions, 
they cannot of course be expected to include extraordinary 
conditions, and the results of this investigation seem to show 
that individual cases vary so much that it is not fair, and may 
be misleading to state average costs. 

It seems a pity that the cost of power is most often quoted 
for one horse-power for one year, and so freely assumed that 
there is an average cost of power on which one can base estim¬ 
ates in the cost of manufacture; for the writer will endeavor 
to show, as this paper progresses, as others have done, first, that 
any general statement of the cost of power per horse-power per 
annum is incorrect, for the reason that such a statement does 
not ordinarily take into account the number of hours run per 
diem, or the number of days per year, and even in that class of 
plants supposed to run, say 80S days per annum, it is seldom 
one can be found that runs a full year, and no two run the same 
length of time; and second, that no such statement of an aver¬ 
age cost of power is of any value whatever, unless it be for 
plants employed in similar work, and under exactly similar con¬ 
ditions, and even then the amount of power developed is such a 
factor for varying the unit cost that it is in the opinion of the 
writer quite fair to say that there is no average unit cost for 
steam power, that is safe for general application, and it is thought 
that a somewhat careful study of the tables and computations 
accompanying this paper will help to a clearer understanding of 
the reasons therefor. 

Although in the great majority of instances office accounts 
are so kept as to give no real basis upon which to compute the 
cost of power, and in most off-hand estimates, the rated capacity 
and not the average power developed lias been used as a divisor, 
there can be no doubt that in some of the older industries, say 
in the'*great flour mills and the large eastern cotton factories, 
where prices of manufactured goods have been tending down¬ 
wardly for so many years, and very close accounts of unit cost 
have necessarily been kept, and, as in all other departments the 
power has been very carefully looked after, that in such cases 
it is very likely that careful comparisons will show* the cost of 
power to he more or less uniform when used under similar con¬ 
ditions, but reference to the tables will show this to be more 
widely at variance than is commonly thought. 
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It will be the endeavor of the writer to show by tabulated 
lata as far as possible, the condition of the plants tested, with¬ 
out going any more into detail than seems necessary for a clear 
understanding. 

In order that the value of the results may be determined, it is 
necessary to give some description of the methods pursued in 
obtaining them, and, as they were as far as possible the same 
throughout, a general description will do for all except the spe¬ 
cial cases. 

In order that the greatest value might be obtained, it has 
always been the opinion of the writer that no results for a period 
short of twelve consecutive months should be used, and in all 
but one case which was for eleven months, a year has been taken 
as the smallest unit of time. 

In a general way, the unit of time having been settled, where 
possible a unit of output was selected, after a careful and some¬ 
what extended study of the special business in all its conditions, 
on which averages could be constructed and which could be 
turned into horse-power after determining its rate. 

Indicator tests were always made both for determining the 
rates of power and the ratio of power to the unit of output: 
for instance, in a flour mill it is only necessary to apply indi¬ 
cators to the engine cylinder for a certain period of time, not 
less than 24 hours, and to count the actual output in barrels, 
to determine a fairly accurate ratio of horse-power per barrel 
of production, after which it is a simple matter to determine the 
average for a year from a total production and the actual time 
during which the mill was running and the output recorded; 
or in an arc lighting station, if an indicator test is made of the 
engine for the entire time per day, during which lamps are 
burned, and the number of lamps running during the same 
period be recorded, then also it is easy to determine the ratio 
of power to lamps, whence by computation from the records 
kept of the number of lamps burning and the time in hours 
during which they were lighted for a year, the lights can he re¬ 
duced to horse-power, and if accurate and well classified records 
of expenditure are kept, the annual and hourly cost of power is 
determinable to a close degree of accuracy. Of course, wide 
variations in tlie amount of power used will often change the 
ratio, but care has been taken in these tests, not to base them on 
periods of changing power consumption, and it is therefore 
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thought that the results are within the ordinary limits of accuracy. 

For the sake of uniformity, as well as to reduce the items of 
account to as small a number as was considered consistent with 
clear understanding, a list of cost accounts was determined on, 
that in most ways agrees with work previously done in this line, 
and which it was thought could be most easily met by the most 
ordinary bookkeeping. 

The list is as follows : 

Operating Expenses. 

Fuel. 

Wages. 

Supplies. 

Kepairs. 

Water. 

Incidentals, including lighting and removal of ashes. 

Fixed Charges. 

Interest on cost of plant. 

Depreciation on value of plant. 

Insurance. 

Taxes. 

In considering the value to be given to each item, many things 
had to be discussed in order that proper separation of expendi¬ 
ture due to items other than for power could be made, as for 
instance the item of fuel; in many cases buildings have had to be 
heated, either by exhaust or live steam; steam has been used for 
hot tables, as in the case of newspaper offices, and for dry rooms 
for lumber etc. as is the case of a furniture factory. In all such 
cases the study of the plant, consultation with the engineer in 
charge and the management, coupled with the experience of the 
writer has ensured the determination of an amount satisfactory 
to all concerned as being the nearest correct obtainable under the 
ordinary conditions of practice. 

In the item coming under the head of fixed charges, a some¬ 
what different treatment obtained, as so little attention is given 
these items by the ordinary business management that in most 
instances not only the value of the plant, but the items going to 
make up the fixed charges had to be determined by the writer 
from his experience, together with such information as could be 
gotten from the people in charge. While insurance and taxes 
were of course determinable from the books, interest was rated 
in almost all cases at 5 per cent., and depreciation at rates varying 
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from 2§ to 10 per cent, for building, and 5 to 15 per cent, on steam 
plant, all according to type of material in use, its condition, the 
manner in which it was handled, etc. In but few cases were either 
of these items considered in the estimates of cost by the owners. 
It must be remembered in this connection, that fixed charges go 
on all the time, 24 hours per day for 365 days, and that the unit 
cost is the same if computed by the year, but does not have the 
same relative value when computed by the number of hours the 
power was actually in use. In passing, it may be well to say that 
the number of firms in good business standing that are entirely 
at sea regarding the actual cost or present value of power plant 
is to say the least astonishing. 

One item taken into consideration in all the tests, and one 
seldom considered at all in the ordinary statements of the cost of 
power, is the value of the building or part of the building de¬ 
voted to the use of the power plant. In some few cases buildings 
were set apart for this purpose, and where the value was known 
it was of course easy to fill out the item; but in cases where the 
power plant was in the same building with the other portions of 
the plant, it became necessary to set off the value from the rest, 
and this was most often done by determining the renting value 
of the room used, which can usually be done with small chance 
of error, and then to capitalize the rent as the value of that part 
of the building devoted to power purposes. 

In one item used in these tests, the writer apparently differs 
from most other estimators of the cost of power, and that is in 
the use of the indicated horse-power rather than brake horse¬ 
power for the divisor, and his reasons for using it are as follows: 
viz :—Indicated horse-power can nearly always be determined to 
a degree of accuracy only limited by the usual errors of instru¬ 
ments and their users, generally conceded to be small; while 
brake tests can seldom be made in practice, and the net power is 
therefore most often determined by assuming a certain percentage 
of engine and shafting efficiency which under general conditions 
is quite incapable of proof, and the errors of which must be added 
to those of the indicator test. The writer therefore prefers to 
eliminate this chance for error, and should any one desire to 
change the figures here displayed to bx*ake horse-power, it is only 
necessary to make the single computation due to any engine effi¬ 
ciency that he may wish to assume. . 

Referring now to plants tested, those on which reports were 
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made were not selected in order to show the very considerable 
variation in results that are given, but for availability and for 
variety of types and of business. 

The plants on which tests were made for unit cost of power 
were: 

Two Electric Lighting Stations. 

One Grain Elevator. 

Three Water Works Pumping Stations. 

Two Flouring Mills. 

Six Cotton Mills. 

Four Newspaper and Printing Offices. 

One Department Store. 

One Furniture Manufactory. 

One Bakery. 

One Glazed and Fancy Paper Manufacturing Company. 

The criticism may be offered that not enough plants were 
tested in any one business to determine an average cost of power 
in that business, and a careful inspection of the following tables 
will show that comparisons of cost of power between unlike 
types of business are of little value, and if still further com¬ 
parisons be made, it will be found that conditions vary so much 
in the same type of business as to show that any statement of 
an average cost of power even there is quite misleading and 
that therefore tests of even a single plant of any of the different 
classes of business is of value only so far as it determines the 
cost for that plant alone, and demonstrates the fact of which 
the writer has become thoroughly convinced, that each plant 
must be tested as if it were the only one of the type in existence. 

Coming now to tables, table i for easy reference, gives the 
number of the plant, the number and type of boilers, with all 
their dimensions, and the nature and cost of fuel used. 

Table n is a continuation of table i, stating the number and 
type of engines used with all cylinder dimensions and rated 
power: the total plant value with the value per rated horse¬ 
power; the number of men employed with their avei’age wages, 
and remarks on the use of steam for purposes other than for 
power, when taken from the boilers supplying the engines. 

The above tables, perhaps, need little explanation, as all items 
are placed in columns so that results shown in other tables can 
easily be traced back and possible reasons for the conditions be 
shown in the plant equipment or the way it may be handled. 



table i. power plant equipment, boilers and duel. 
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It will be seen that in rated capacity the plants vary from 
40 horse-power to 2,500 and in value per rated horse-power from 
$23 to $89 in steam power plants, or as high as $368 in water¬ 
works pumping stations. 

While the type of boiler used leans largely to the plain, old- 
fashioned return tubular, with the exception of the cotton mills, 
the types of engines are almost as varied as the number of plants. 

In fuel, soft coal or slack of soft coal largely predominates, 
and a considerable use of mixtures of the latter with dust from 
the yards and hard coal slack will also be noticed, which is 
largely due to efforts to reduce the smoke nuisance. 

In table in, under the general heads of “ out-put,” “ operating 
expense” and “fixed charges,” are shown all the items in detail 
for each plant, going to make up the total annual cost of power, 
and in table in a, will be found the items making up the cost 
per horse-power per hour. 

The first column in table in, under “ output,” shows the aver¬ 
age power developed for one year covering the number of days 
and hours per day shown in the third and fourth columns; and 
column 2 shows the percentage of the total rated capacity that 
the average power actually developed bears to the rated horse¬ 
power of engines, as shown in table ii. The time in hours per 
day shown in column 4, is not in all cases the actual average per 
day for the year, but the regular time on which the plant was 
run during the year under consideration, therefore multiplying 
the figures in this column by the days actually run will not in 
all cases give as a result the total hours per annum shown in the 
sixth column, which are the actual hours run in each case. 

In table in, under the headings of “ operating expense,” 
‘‘fixed charges,” and “cost per horse-power,” the figures are the 
costs per annum for each item, while table m A , gives the cost 
per horse-power per hour obtained by dividing the annual cost 
of each item by the number of hours run as shown in the sixth 
column. 

In tables ii, v and vi, the results from the different plants 
have been separated and classified according to the hours per 
diem during which they are run, making the broad distinction 
of 20 to 24 hour runs and 9 to 12 hour power, there are how¬ 
ever two plants that, owing to wide difference of running time 
could not be brought under these headings, and they have there¬ 
fore been placed by themselves in table vi. 
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Annual Output and Cost per Horse-Power. 
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In considering the plants under these general divisions, it must 
still he home in mind that while they are classed under the same 
heading in hours per diem, they are by no means all run the 
same number of days per year, and therefore the total hours per 
annum during whieh the plant was run becomes the only correct 
basis on which to compute the cost for comparison. 

In the above tables the unit costs per year, per day and per 
hour, have been computed and placed in parallel columns, the 
first and last being from table m, while the cost pm* day is de¬ 
duced from the actual number of days run, divided into the cost 
per annum. 


Number 

of 

Plant. 


i 

j 

5 

6 

9 

10 

11 
*4 


Number 

of 

Plant. 


4 

5 

8 

*5 
16 
17 
*8 

»9 

ao 

a* 

22 


TABhW IV. 

Unit Costs von 20 to 24 Hour Powkk 


Average 
Horse-Power 
I>( veloped. 


290,7 

2IO.I) 

58.8 

7«-4 

:\u 7 
42.4 
Jto.t) 





C OSTS, 


Per 

Per 

Pei 

f ‘orse-Power, 

l base-Power, 

H oise-Power, 

Year. 

l )uy. 

Hour. 

$53-37 

$•*797 

$.00749 

48.14 

. too.’ 

,00693 

131.12 

• 569* 

.01613 

122.45 

’33 r <5 

.01641 

6*5.41 

.1711 

.00713 

*'*33'65 

.6400 

,02811 

149.58 

.41 »o8 

.01708 

«51*54 

.4132 

.01808 

I 

* ■* n H» ■« « 


TABLK V. 

Unit (’ohtk for !> to ISi Hour Powkk, 


*»*«« T>»IJW W«»l 


Average, 
Horae-Power 
Developed. 


12.4 

21.5 

* 345*5 

129.3 

32.9 

166.7 

1174.8 

926,0 

2422,0 

1909.7 
1278 7 

1010 .8 


Per 

Horse-Power, 
Year. 


$* 73*33 

108.27 

32.70 

jH 55 

28.39 
19.66 
15.69 
20.50 

22.40 
20.03 
16.7a 
*3'44 


COSTS, 


Per 

florae-Power, 
I >ay. 


$.4801 
.3000 
,0896 
. 1084 
,0860 
,0628 
.0513 
.0669 
,0732 

’<*>55 

.0571 

.0767 


Per 

Horse-Power, 

Hour. 


$.05648 
.02918 
.00820 
.00871 
.00832 
.00639 
.00531 
.0069* 
.00757 
.00677 
,ot 590 
.00794 


In tables vii, vni and xi, and under the same general head- 
ings as to hours run per diem, as in tables i v, v and vi, a com¬ 
parison is made of the amount of power used as compared with 
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TABLE YI. 

Unit Costs for 3 Hour Power and for 15£ Hour Power. 



Number 

of 

Plant. 

Average 
Horse-Power 
Developed. 


COSTS. 


Hours* 

Run. 

Per 

Horse-Power, 
Year. 

Per 

Horse-Power, 

Day. 

Per 

Horse-Power, 
Hour. 

n 

3 

12 

i 73 

$3T.?g 

$.1000 

$-°3333 


13 

53 

. 76-45 

-2473 

.01596 


the actual rated capacity and under the items of expense are 
shown tlie total operating expense per hour, the total fixed 
charges per hour and in the last two columns the percentage 
each is of the total cost. 

TABLE VII. 

Comparison of Power and Expenses. 

20 to 24 Hours. 


No. 

of 

Plant. 

Rated 
Capacity, 
H. P. 

Average 

Used 

H. P. 

Per cent. 
Used 
of 

Capacity. 


Expense per h. p. Houi 

i. 

Operating. 

Fixed. 

Per cent. 
Operating 
of l'otal 

Per cent. 
Fixed of 
Total. 

1 

380 

296.7 

78 

$.00640 

$.00109 

85 

15 

2 

250 

210.q 

85 

.00580 

.00113 

84 

16 

3 

205 

58.8 

47 

.01195 

.00417 

74 

26 

6 

220 

70.4 

32 

.01361 

'00.278 

83 

17 

9 

2195 

1352.0 

62 

.00377 

.00336 

53 

47 

10 

no 

36-7 

33 

.01650 

.01x61 

58 

42 

11 

no 

42.4 

39 

.00986 

.00722 

57 

43 

14 

65 

20.9 

32 

.01520 

.00356 

81 

*9 


TABLE VIII. 

Comparison of Power and Expenses. 
9 Hours to 12 Hours. 


No. 

of 

Plant. 

Rated S 
Capacity, > 
11. ?. , 

1 

1 i 

Average 

Used 

H. P. 

Per cent. 
Used 
of 

Capacity. 

4 

I 

105 I 

12.4 

3t 

5 

65 

21.5 

33 

7 

2500 

* 345-5 

54 

S 

165 

128.3 

78 

15 

80 

32.9 

41 

16 

200 

166.7 

84 

*7 

1200 

1174 8 

98 

18 

1000 

926.0 

93 

19 

2500 

2422.0 

97 

20 

2000 

1909.7 

95 

21 

1400 

1278.7 

91 

22 

1200 

1010.8 

84 


Expense per 

h. p. Hour 


Operating. 

Fixed. 

Per cent. 
Operating 
ot Total. 

Per cent. 
Fixed of 
Total. 

$.04820 

$.00828 

86 

*4 

.02440 

.00478 

84 

16 

.00585 

.00235 

71 

29 

.00664 

.00207 

76 

24 

.00661 

,00171 

79 

21 

.00494 

.00145 

77 

23 

.00345 

.00186 

65 

35 

.00396 

.00295 

57 

43 

.00530 

.00227 

7 1 

29 

.00453 

.00224 

67 

33 

.00370 

.00220 

63 

37 

.00532 

.00262 

67 

33 • 
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TABLE IX. 

Comparison of Power and Expenses. 
3 Hours and 15J- Hours. 







Expenses per h. p. Hour. 

No. 

of 

Plant. 


Rated 

Capacity 

H. P. 

Average 

Used 

H. P. 

Per cent. 
Used of 
Capacity. 





Hours 

Run. 

Operating. 

Fixed. 

Per cent. 
Opeiating 
of Total. 

. __ 

Per cent. 

Fixed 
of Total. 

12 

3 

300 

1 73 

58 

.02415 

.00918 

72 

28 

*3 

* 5/4 

165 

53 

32 

.01190 

.00406 

75 

25 


Referring back to table iv and taking up the plants in order, 
it will be well to discuss each one, in-so-far as may be necessary 
to explain why it differs in cost from another similar plant of 
which test is also given. 

Commencing then with plants No. 1 and 2, being used for 
similar purposes, the first being somewhat larger in capacity 
than the second. 

The first has a Corliss, non-condensing engine and boilers of a 
very efficient vertical type, while the second has old and com¬ 
paratively inefficient return tubular boilers, but a good type of 
engine, running condensing, which accounts for the cost being 
somewhat less than for plant number one. 

It may be said that during the test the first of these plants 
was found to he using a great deal more coal when the night 
fireman was on duty, than the day fireman used in the same 
length of time, and for an average of two horse-power in excess 
over that developed during the night. Since the test, this has 
been remedied and it is said that the plant is now running at a 
very considerable saving over its former condition. The waste 
of coal as mentioned above, is one of the items that cannot be 
included in any theoretical computation, but is too common in 
practice. 

j Plants 3 and 6, both run similar types of business, the first 
getting its power from a fine simple Corliss engine kept in the 
best of order, while the other uses one very old type of engine 
running compound condensing, and two small high speed engines, 
Running at high pressure. .Both plants are well kept and the 
final results in costs per horse-power per hour is seen to vary 
but :0003. i 

The next three cases 9, 10, 11 are three pumping stations 
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under city control, and while the total cost seems high, it must 
be remembered that tixed charges account for a good part of 
the entire expense, and in making comparisons between plants 
of this kind and other power, it will be more fair to compare 
operating expenses only, and in that ease the showing while 
high is not so much higher than for other plants of a similar 
capacity as to be startling. 

The last case in this division, No. 14, was the only one of the 
nature of business carried on and the only detail given will be 
to say that it had a Buckeye engine, kept in the best, of order. 

Plants Nos. 4 and 5, in table v, are used in similar business, 
and in spite of the fact that the first has by far the better plant, 
the cost is seen to be a great deal higher than in the second 
case, and mainly for the reason that a larger average output is 
obtained from the latter plant. 

Case No. 7 in the same table is one in which the circumstances 
were such as to enable the determination of cost with extreme 
accuracy, the output being uniform and constant and the ac¬ 
counts most accurately kept. The cost is somewhat higher than 
it might he, owing to rather low ratio of output to capacity, but 
this lias since been remedied and the unit cost materially re¬ 


duced. 

Plant No. S is one that will answer for a type of liundieds of 
small electric lighting stations in the United States, and the test 
is only remarkable in the variety of output, making it necessaiy 
to do a very large amount of calculation in order to arrive at 
anything like reasonably correct results, fortunately for the 
purpose, ampere records had been kept of the incandescent part 
of the output, as well as a clear record of the numbei of aic 
lamps run, together with the time of running for each night of 

the year. 

By making an indicator test of the engine, and at the same 
time recording the amperes and volts at the switchboaid, it was 
easy to arrive at the average power for a complete run and thus 
to establish a ratio of steam power to electrical output for the 
entire year, and by means of the ratio converting it into horse¬ 
power, an average power for the entire year was detei mined. 

The resulting cost per horse-power is surprisingly low and is 
due to several things, first, low rate of wages; second, just as 
little labor as could run the plant, and third, cheap fuel. 

A calculation of the cost of the electric output in this plant 
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shows it to be not nearly so economical as might with reason he 
expected from the low cost of steam power, and is due to the 


low average efficiency of the plant, caused by running for many 
hours at light loads. 

Plant No. 15, is one of that type of plants that uses steam for 
power purposes, more as an incident of the manufacture than ast 
one of the prime factors in cost. 

Steam for drying goods is the chief factor in plants of this 
kind, and in this case all the exhaust from the engine and in 
cold weather much live steam is used for drying purposes. 

Plant No. 16, like the last one, uses a great proportion of its 
steam for drying purposes, and an additional factor for low 
power cost is, that nearly all fuel for day use is the waste wood 
and shavings from the manufacture. Add to this the fact that 


the machinist acts as engineer, and the engine is of good size and 
located in the machine repair shops and it will be seen that most 
of the factors in the case make a very low cost of power. 

Plants Nos. 17 to 22 inclusive, are large cotton mills, in an 
eastern state. The statement made in the early part of this 
paper, seems to be borne out that, while it might be thought 
that mills of this nature using as large units of power as do 
these, and in a business so near alike for all, would perhaps show 
a more uniform cost of power, still vary a somewhat larger 
amount than would be practicable to average. 

The cost of the lowest, No. 17, is $00531 per horse-power 
hour and the highest, No. 22, $00794, a difference of nearly 50 
per cent increase over the first mentioned plant. To be sure, 
the first named plant (No. 17) is a new style Corliss, 4 cylinder, 
triple expansion, condensing engine, while the last (No. 22) is 
of the cross-compound condensing Corliss type. 

Of course, it is readily seen that the extra cost could not he 
in fuel efficiency, and by reference to table m, it will be seen 
that the difference is in “supplies” and “repairs” to a very large 
extent, caused by a charge of part of the expense of replacing 
the whole bank of boilers. This is one of the items of cost that 
so often happen in steam plants, and the charge is seldom in¬ 
cluded in figuring the cost of power. 

Comparing No. 17 with No. 21, the total cost per hour for 
the former is $.00531 and for the latter $.0059, a difference of 
$.00059, or 11 per cent of the first named plant. 

Again referring to table in, another perhaps unexpected re- 
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suit is found, i. e. the fuel cost for the triple expansion engine 
is higher than in the other (No. 21), which is a Corliss cross¬ 
compound condensing engine. 

As both plants use Manning boilers that are presumably of 
like efficiency, a reference to table i shows that, the coal used 
in No. 17 cost $3.35 per ton, while the mixture used in No. 21, 
cost but $2.57 and the difference in quantity used that may have 
been due to higher engine economy, seems not to have made up 
for the difference in price. 

Taking up the wages cost for these six plants, an examination 
of tables m and ni a, shows a very considerable variation in that 
item, due to a number of different factors: for instance, No. 
22 has but one engineer, with not even an oiler, but the number 
of firemen used brings up the cost to a trifle more than on No. 
17, where the one engineer divides his time equally between the 
plant examined and another one, and therefore equally divides 
the cost, an oiler looking directly after the care of the engine; 
and the divisor (amount of power developed) is greater in the 
first case, thus materially reducing the unit cost. The labor cost 
in steam power can be made one of the greatest variables in it 
and when it is found to be a fact that, one engineer at say $3.00 
per day, can and does successfully run an engine developing over 
a thousand horse-power, and yet no less cost than this is required 
for running a plant of say 200 or even 100 horse-power, it is 


readily seen that the unit cost differs materially in the two cases 
and will vary proportionally between the two limits. Of course 
this is not advanced as new in theory but the writer wishes to 
call rather closer attention to the point than seems to have been 
given it in the past. 

In table vi, the first plant No. 12, is a large grain elevator 
in which power is used spasmodically and averages hut 3 hours 
out of the 21 the year round. This power varies in amount to 
a great extent, running at times as low as 13 horse-power and 
again with the u marine leg" on, and other “]otters” as high as 
250 horse-power may be in use for a short time. The average 
173 horse-power is somewhat higher than might be expected 
with the entire disuse of the. marine leg in winter, and only the 
inside legs going during that time, but it checks well with all 
the tests made on the plant. 

Plant No. 13 is run for 15£ hours every working day of the 
year and in spite of the fact that the engine and dynamo plant 
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Is in duplicate, the cost per horse-power is quite low; this ig 
mainly due to extremely good management and careful ac¬ 
counting. Power is mainly used for running electric lights and 
one or two small motors. Steam is used for power and for an 
elevator and other pumps. An accurate record is kept of the 
weight of coal used each day, and the reading of the ampere and 
voltmeters is registered all day long at hourly intervals, thus en¬ 
abling a quite accurate estimate to be made of the average 
power, by determining the ratio of cylinder po.wer to ampere 
readings. 

While the above 22 plants are the only ones on which tests 
available for this paper were carried out, many others were ex¬ 
amined during the time, and while it may be said that in most 
plants fairly accurate tests may be made, some are found in 
which it is next to impossible to arrive at anything like accurate 
results. 

Until one makes a business of examining power plants with 
an idea of learning the unit cost of power, it is impossible to 
judge adequately of the varying conditions obtaining and there¬ 
fore of the fact that any possible statement of an average cost is 
misleading. 

It lias been the writer's experience that one of the greatest 
factors for varying the cost of steam power in a given plant is 
to he found in the fire room. 


In but few plants is this part of the expense found to receive 
the attention it should have to obtain the best results; and as a 
whole, the men employed at the work of firing are of a class 
that seldom runs to brains, and unless pushed to it by the manage¬ 
ment, the engineer is prone to exercise only a nominal super¬ 
vision over the department. When a fireman on one shift can 
use nearly twice as much coal doing the same work as the fire¬ 
man on the other shift as was found in one case, it is time the 


engineer was disposed of or new methods arranged. 

In plants developing a low amount of power, say less than 
100 horse-power, as a large majority of them do, the labor item 
due to varying conditions of the business, becomes a very im¬ 
portant. factor, and one in which great saving can be made by 
re-arrangement of power supply. 

In order to make this paper of greater value, the writer has 
thought it well to add the results of estimates by other investi¬ 
gators and, as coal is the only item that varies to a great extent 
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in unit price, it lias been thought best to bring that item to the 
same price per ton, and, as the ton used in the neighborhood 
where most of the tests were made is 2,000 pounds, all weights 
and prices have been reduced to a cost of $3.00 per 2 000 
pounds, delivered. 

Tables x to xvu inclusive, are the results of the tests by the 
writer, classified by types of plant, and reduced to coal at $3.00 
per 2,000 pounds. These tables show the number of the plant 
as given in the previous tables, the hours run per diem, the 
average power developed, operating, fixed and total expense per 


hour per liorse-power. 

Table x, shows the costs for slow speed non-condensing en¬ 
gines, irrespective of the size or number of hours run per diem. 
Although an average is taken of these, it is of course of little 
value as the costs vary not only by reason of the amount of 
power developed but from the number of hours run per diem, 
and the variety of each of these conditions is such that each item 
could as well be placed by itself. 

Table xi shows results for high speed automatic engines, 
which are also assembled irrespective of time of running or 
power developed and show very uneven costs. 

Tables xir and xrri include but one plant each, and are there¬ 
fore of little use for comparison, excepting as showiling the 
general variation of cost. 


TABLE X. 

Coal Kkduckd to $3.00 pek 2,000 Lbs. 
Slow Speed. Non-Condebbing-. 


Number 

Hours 

Run. 

Average 

Power. 

EXPENSES. 

...... ■- ■ 

of 

Plant. 

Operating. 

Fixed. 

Total. 

i 

24 

296.7 

$.00821 

$.00109 

$.00930 

3 

2 3 

58.8 

oi 343 

.00417 

.01760 

5 

9 

21.5 

.02865 

.00478 

.<>3343 

8 

12 

129.3 

.00692 

.00207 

.00899 

16 

IO 

166.7 

.00591 

.00145 

.00736 

12 

3 

i 73 - 

.02789 

.00918 

.03707 

Averages.. 



$.01517 

$.00379 

$.01896 
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TABLE XL 

Coal Reduced to $3.00 per 2,000 Lbs. 

IIioh Speed. Automatic Non-Oonj>i3nhjn(l 


Number 

ot 

Plant. 

1lours 
Run. 

Average 

Power. 

< )perat mg. 

K X P E N S K S. 

Fixed. 

Total. 

14 

'-’4 

20 A) 

$.0x802 

$.00350 

$.02152 

4 

6 

12.4 

.05686 

.00828 

.065x4 

15 

xc> 


.008?4 

.00171 

*00995 


15 

53 

.01446 

.00406 

.0x852 

Averages.. 



$.02430 

$.00439 

$.02878 

s 




TABLE XII. 

Coal Red no ed to $3.00 per 2,000 Lbs. 
Slow Speed Con dens i no. 


Number 

ot 

Plant. 

Hours 

Run. 

Avenge 

Power. 

Operating. 

F. X P K N S E S 

Fixed. 

Total. 

2 

24 

210.9 

$.00785 

$.OOI T'j 

$.00898 


* 


TABLE XIII. 

Com, Reduced to $3.00 per 2,000 Lbs. 
Combined, Compound-Condensing and Automatic 

N ON-Co N D KNB r NO. 


N umber 
of 

Plant. 

1 lours 
Run. 

Average 
Powei. 

j 

1 

j Operating. 

1 

k x p i*; n s 1*: s. 

Fined. | 

! 

Total. 

1 

6 

'<} 

70.4 

j . 

j $* 0I 5 73 

$.0027 ] 

1 

$ 01851 


Table xiv, shows like results for three pumping stations, and 
one gets a very good idea of the vast difference in unit cost of 
power when developed is widely varying quantities; the first 
plant, developing 1,352 horse-power, and the other two less than 
50 horse-power each, the difference in cost between the highest 
and the lowest being as $.007 is to $.0304.3. 
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TABLE XIV. 

Coal Redti^kd to $ 3.00 per, 2,000 Lbs. 
Pumping Engines, Compound Condensing. 


_.—— - - 





~ 




1 

C X P E N S E S . 


Number 

Hours 

Average 




of 

Run. 

Power. 




Plant. 



Operating 

Fixed. 

Total. 

') 

J 4 

> 35 v * 

$.00455 

$.00336 

$.00791 

in 

•.'4 

„ A -7 

.01887 

.01161 

.03048 

11 

24 

42.4 

.01149 

.00722 

.01871 

Averages.. 

i * i a h ♦ . • * 


.01174 

.00739 

.019x3 


In table xv, is shown tlie cost for four large plants using slow 
speed compound condensing engines. This type of plant is per¬ 
haps the most common of modern plants in use for large quan¬ 
tities of power, and is one on which perhaps the most and best 
estimates have been made, and therefore most easily compared 
with other tables. 


TABLE XV. 

Coal Reduced to $ 3.00 per 2,000 Lbs. 
Slow Speed Compound Condensing. 





EXPENSES. 


Number 

Hours 

Run. 

A verage 
Power 




of 



Total. 

'Plant. 


Operating. 

Fixed. 

7 

11 

> 345-5 

$.00901 

$.00235 

$.01136 

18 

10 

926.0 

.00447 

.00295 

,00742 

21 

to 

1278,7 

.00414 

.00220 

,00634 

22 

10 

tot 0.8 

.00522 

.00262 

.00784 

•Averages.. 

*»» i* 

• * * • • * ♦ * * 

.00571 

.00253 

.00824 


Table xvr, shown the result in one plant using a large triple 
compound engine of special type, and one of the items tending 
to low cost in this instance, is that but half the engineer’s time 
is chargeable to this particular plant; another being the low 
fixed charge owing to very close buying by the management. 
The cost of power here will he seen to he less than generally 
estimated. 
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TABLE XVT. 

Coal Reduced to $8.00 per 2,000 Lbs. 

Slow Speed Triple Compound Condensing. 

10 \ p k n s io s. 

Operating. j Fixed. j Total. 

i. “I 

'$ <M, 3 *S i .yon186 j $.00504 

Table xvu, hIiowk the results in two mixed plants of large 
size, both cotton mills. In both eases about half the plant con¬ 
sists ot the best type of compound condensing engines, while the 
remainder is made up of the old-fashioned double Corliss part, 
condensing type, the exhaust from one end of each cylinder 
being generally used for purposes of heating about the mills. 
In passing, it may be well to say that most of the modern cotton 
mill plants use steam for heating direct from the boiler through 
pressure reducing valves, and not from any part of the exhaust 
of the engines. 

TABLE XVII. 


Number 
j of 
Plant. 


17 


Hours 
R11 n. 


TO 


Average 

Power. 


t174.8 


Coal Reduced to $8.00 per 2,000 Lbs. 
Combined, Compound Condensing and Simple Condensing. 


Number 

of 

Plant. 

Hours 

Run. 

Average 

Power. 

( )j»erating. 

R X P K N S K s. 

Fixed. 

Total. 

jo 

10 


$.004611 

$.<>oc«7 

$ o< 1687 

30 

, .. 

Hi 

toon,? 

.0051*7 

.< .02 jty 

.00751 

Averages.. 



$.u< >404 

$. oo;*yt; 





tp lOUy I Ij 


Comparisons. 


Of modern investigations of the cost of power, none stand 
higher than those of I)r. C. E. Emery in a paper before the 
American Institute of Eiuootiuoal Engineers, March 21st, 
189H, I have therefore thought it well to include here such parts 
of the tables as will afford a chance for comparison with the 
work of the writer and that of others. The investigation by 
Dr. Emery in this particular case was confined to the large unit 
of 500 net horse-power and its application must be limited to 
that amount as any departure will he found to vary the results. 
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Key to Taht.es XVIII XIX, XX and XXI 

Style of 
Engine. 

A. Simple High Speed Non-Condensing. 

B. Simple Low Speed Non-Condensing. 

C. Compound High Speed Non-Condensing. 

I). Special Triple Oompouud High Speed Non-Condensing. 

E. Simple High Speed (hmdensing. 

F. Simple Low Speed Condensing. 

C. Compound High Speed Condensing. 

H. Compound Low' Speed (Condensing. 

L Special Triple Compound High Speed Condensing. 

d. Triple Compound, Low Speed Condensing. 

K. Triple Compound, Low Speed Condensing. 

L. Ditto, for probable maximum results. 

As Dr. Emery’s computations are made on net power and 
with coal at 2,240 pounds per ton, it has been necessary to re¬ 
duce his figures to indicated horse-power and coal at 2,000 
pounds per ton, the results being found in tables xvrrt and xix 
following. Where necessary to bring the items of expense under 
the same heads, changes have been made in his tables so that 
direct comparison of items may be made. 

Table xvm shows itemized costs for 10 hour power per annum 
and in tables xx and xxr the totals have been reduced to cost 


TABLE XVIII. 

Emery’s Tables Reduced to Indicated Horse-Power and Coal 
at $3.00 per 2,000 Lbs. 3,080 Hours Run. 


Style 

of 

Engine. 

OPERATING EXPENSE. 

FIXED CHARGES 

Total. 

$8.62 

8-95 

8.01 

8.81 

Total 

Cost. 

Coal. 

$19.70 

17-34 

iS -54 

14-35 

Labor. 

Repairs 

and 

Supplies. 

Total. 

Insurance* 
Taxes & 
Renewals 

$2.72 

2.82 

2.52 

2.78 

Interest. 

$5.90 

6.13 

5-49 

6.03 

A 

B 

C 

D 

$4.4 r 
<1.04 
3.S4 
3.68 

$2.73 

2.28 

2-73 

2.73 

$26.84 

23.66 

22.11 

20.76 

$ 35 - 4 ^ 

32.61 

30.12 

29.57 

E 

F 

G 

H 

13 *5 

11.94 
U.Q5 
to 76 

3 5 1 

3 - 3 1 

3-35 

3-*4 

2.73 

2.2S 

2.73 

2.28 

I 9-39 

17.53 

18.C3 

16.18 

■ ■ ■ 1 ■ . ■" 

2.32 

2 46 
2-39 
2.50 

5.04 

5-35 

S-x6 

5-43 

7-36 

7.81 

7-57 

7-93 

26.75 

25-34 

25.60 

24.11 

1 

IO 15 

3 -io 

2.73 

15-98 

2-53 

5-49 

8.02 

24.00 

l 

9.56 

a.98 

2.28 

14.82 

2.82 

6 .ti 

8-93 

23 75 

K 

8.96 

a.90 

2.28 

14.14 

3 -oa 

6.56 

9.58 

23.72 

L 

7 - 5 ° 

3*36 

2.28 

X3.14 

2.98 

6-45 

9-43 

22.57 
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per hour per horse-power in order to conform with the argu¬ 
ment, of the writer that the only correct, safe statement, is cost 
per hour and not per annum. 


TABIjR XIX. 

Emkry’s Tabi.ks Rkduckd to Inihcatud Hoksk-Powkk and Coau 
at $3.00 rntii 2,000 Lbs. 7,300 Hours Run. 


Style 

of 

Engine. 

OPERATING EXPENSE. 

1 

fixed charges 

1 



Goal. 

Labor. 

Repairs 

and 

Supplies. 

Total. 

Insuranee. 
'Paxes & 
R enewals. 

Interest. 

Total. 

Total 
( ost. 

A 

B 

C 

D 

$44.70 

30.20 

35* 

3 2 *5<> 

$10,45 

9*57 

9* it 
8.72 

$6,47 

5*3« 

" 4 7 
O.47 

$61.62 

54* 15 
50.78 
47.69 

$2.72 

2.83 

2-53 

2.7S 

$5.90 

6 13 

5*49 

0.02 

$8.62 

8.96 

8.02 

8.80 

$70.24 ! 

63.11 
58.80 

56.49 

K 

F 
<;; 
ii 

20.70 

27.10 

27.10 

24.30 

8.34 

7*&4 

7*93 

7*4S 

6.47 

5.38 

6.47 

5*3® 

44 5i 
40.32 
41.50 
37.15 

2.32 

2.46 

2 39 
a. 50 

$5.04 

5*35 

5*‘7 

5*44 

7.36 

7.81 

7*56 

7 94 

si.®7 

48.13 

49.06 

45-07 

i 

i 

K 

L 

22.90 

21.64 

20.3O 

16.93 

7* 35 

7.07 

6.85 

7.98 

6.47 

5*3® 

5*3® 

5*3® 

36.72 

34.09 

3»-53 

30.29 

3 *53 

2.81 

3*02 

2.98 

$5*49 

6.14 

6 57 

O.44 

8.02 
® 95 

9*59 

9.42 

44*74 j 
43.04 
42.12 
39-71 

- 


. - 

' * * 

- -. 






TAB015 XX. 


Cost i*kr Hobsk Powkk Hour, from 

3,080 Hours Run. 


Emkry’s Tables. 


Style of Engine. 

Operating Expenses, 

Fixed Charges. 

Total Cost. 

A. 

B. 

$.00870 

$.00280 

.00291 

$.0050 

C. 

_ new t (\ 

.01060 
.00980 
.00961 
.00869 
.00824 
.00833 
.00784 
.00781 
.00772 

1). 

E. 

.00675 

.ucfi-Jn 

* Uv*O £ 

.00286 

.00239 

.00254 

.00246 

F. 

G. 

.00570 
.O0587 
.00526 
nn cf>n 

H. 

I...... 


1 . 

.00482 

.00460 

.00428 

• O X 

.00290 
.0031r 
.00307 

K . 

I . 

.00771 


,00/35 


In a discussion of a paper before the American Society of 
Mechanical Engineers, Mr. Samuel Webber took occasion to 
state the itemized cost of steam power as developed in a Fall 
River yarn mill and the results are here given in tables xxrn 


and xxiv with coal reduced to $3.00 per 2,000 pounds. 

The totals will be found to agree fairly well with those from 
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TABLE XXL 



i‘KK Horse-Power, Hour, from Emery’s 

7,300 Hours Him. 


Tables. 


Style of 

Engine. 

Operating 

Expenses. 

Fixed 

Charges. 

Total 

Cost. 

A. 

.00845 

.00122 

.00067 

B. 

■ 

.00123 

00864 

C. 


.OOI lo 

.00805 

D... . 

.00652 

.OOI2I 

.00773 

E. 


•OOIOI 

.00711 

F. 

.00551 

.OOIO7 

.00658 

G ..... 

.00568 

.OOIO3 

.00671 

H. 

.00508 

.OOIO9 

.00617 

1. 

.00502 

.OOIIO 

,00612 

J. 

.00466 

.00123 

.00589 

K.. 

.00445 

.OOI3I 

.00576 

.. . . 

.004x4 

.OOI29 

• ao 543 


Cost of Power, from Table in Engineering- Magazine, by 
Dr. Emery. Coal Reduced to $ 3.00 per 2,000 Pounds. 

3,080 Hours. 



Net 

Morse-Power. 

Cost per h. r. 
per Hour. 

Ordinary non-condensing. 

10 

$.02570 

Automatic Cut-off, non-condensing. 

75 

.01396 

Automatic Cut-off, condensing. 

150 

.0x060 

Compound Condensing. 

250 

.00856 

Triple Compound Condensing. 

500 

.00727 


TABLE XXIII. 

Cost of Power in a Fall River Yarn Mill. Samuel Webber. 

Coal Reduced to $ 3.00 per 2,000 Lbs. 


i 

Cost per h. r. 
per annum. 

Cost per h. 1*. 
per hour. 

, Operating Expenses. 

. Fuel. 

Wages . 

Repairs .... .. 

Supplies. 

$9.20 

2.23 

i -57 

• 3 i 

$.00299 

.00072 

.00051 

.00010 

Total . 

$i 3 - 3 * 

$.00432 

| Fixed Charges. 

1 Interest, 5 per cent . 

$3.15 

$.00102 

J Depreciation. 5 per cent. 

3-15 

.00102 

i Insurance, non charged. .. 

• * * • 

» • > * 

1 axes, 1 per cent . 

•32 

.00010 

Total . . 

$6.62 

$.002x4 


$19 93 

$.00646 
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similar plants, although no insurance has been taken into account; 
if $.00007 be added, the result will give a direct comparison 
with other estimates. 


TABLE XXIV. 


(Wr ok Power ns Globe Yarn Milks, No. 3. Fall River. 
boAL Reduced to $3.00 bee 2,000 Lbs. Samuel Weber. 


i 

Cost per ii. i*. 

Cost per ir. p. 

I 

per annum. 

per hour. 

1 Of'l'.UATI Nt J Exi'KNSK. 



J Furl. 

$io 73 

$.00341; 

i Wages . 

2.89 

.00094 
.00053 
.000 r 3 

i Repairs.... . 

i .6a 

j Supplies. 

.40 

1 

! Total . 

1 

j •*« . ..nil. . n....,-...-.,. .... 

$ 15.64 

$.00509 

I 1 IXKD CllARGKS. 

Interest, 5 per rent. 

$ 3 A? 

$.00105 

Depreciation, s per cent. 

3-23 

.00105 

Insurance none, charged. 


Taxes i per cent. 

.... 

.VI* 

$.00011 

Total . 

$6.78 

$.00221 


$22.4'.' 

$.00720 


Table xxv, gives the result of a test made by Mr. 
expert for the Steam Users Association of Boston. 


k. S. Hale, 
Although 


TABLE XXV. 

ok Power in a Large Cotton Mill. It. S. Hale, Boston. 
Coal Reduced to $3.00 ;per 2,000 Lbs. 



Cost per 11. p. 

Cost per h. p. 

t **.* *« *• *« i « *»* “/*■ v. 

per annum. 

per hour. 

OmskatiN i; Kxpknm.s. 

- ~ *■- 


Fuel. ..... 

$6.92 

$.00233 

| Wages. 

2.51 

,00084 

Repairs. 

.50 

.00017 

Supplies... 

.45 

,oix>i 5 


$10.38 

$.00 <40 

Fixed Charges. 



Interest...... 

$2.90 

$.00097 

Depreciation..... 

2.40 

.00081 

Insurance... 

,22 

.00007 

Taxes......... 

.69 

.00023 

Total. 

$6.21 

$ .00208 

• 

$16,59 

$.00557 
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developed to a most interesting degree, the cost of steam power 
for various costs of coal and where the exhaust from engines 
is used in varying quantities. lie has divided the engines into 
three types or classes, i. e., compound, condensing and high 
pressure, which are the three types most used in his locality, 
which is largely a centre for the manufacture of textiles. He 
has also stated the costs for engines of 500, 1,000, 1,500 and 
2,000 horse-power capacity for each type and the results are 
very interesting, but too elaborate to he included in full in this 


paper. 

I have, however, in tables xxvir aud xxvm assembled the unit 
costs for the various items, reducing the item of coal to the 
standard, for an engine of 1,000 horse-power of the three types, 
and with no exhaust steam used; in the first table, for the year, 
and in the second, per hour; the results will be found to ao-ree 
fairly well with others. 


TABLE XXIX. 

Comparison op Different Estimates. 
Large, Compound Condensing Engines. 


Cost per h. p. 
pei’ Hour. 

Emery, A. I. E. E., tor 3,080 hours, table xx.$.00784 

Emery, A. I. E. E.. for 7,090 hours, table xxi.00017 

Emery, Eng. Magazine , 3.080 hours.0*856 

Webber, 050 H. p., 3,080 hours, taole xxiv.< 0720 

Webber, 1,050 h. p., 3,080 hours, table xxm.00646 

Hale, 2,985 hours, table xxv.0 '557 

Main, 3,<>80 hours, table xxvm.00637 

Foster, average, 3,080 hours, table xv.00824 


Average of all. $.00705 


Conclusions. 

The writer lias attempted in various ways, to group the fore¬ 
going tables for comparison with each other, hut gave up the 
attempt as hopeless, with the exception of the class of large com¬ 
pound condensing engines used so generally in the large mills of 
the east; table xxix shows the comparison of costs per hour as 
developed in the various tables in this class of engine, and al¬ 
though as previously stated by the writer, the average is hardly 
to he depended on for use in careful estimates, an average has 
been computed of the costs by different estimates and is seen 
to be $.00705 per horse-power per hour. The especial point 
the writer desires to bring out, is the widely varying costs here 
shown; take for instance Mr. Hale’s of $.00557 as compared 
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TABLE XXX. 

Comparison of Cost of Power pek Annum. 

By Various Types of Engines. Coal at $3.00 per 2,000 Lbs. 


Type of Engine and Number of Plant. 


as. 

o 


Slow Speed Non-Condensing... i 

.. 3 


4 4 
U 

u 

u 

4 * 

44 

a 


u 

44 

44 

44 
44 
• 1 
44 


44 
44 
44 
44 
44 
4 • 
4 4 
44 


3 

8 

16 

12 


Emery. B 

44 g 

Main.. ... *. XXV III. 


High Speed Non-Condensing. 


44 
44 
44 
4 4 
* 4 
4. 
14 


44 

44 

44 

44 

44 

44 

44 


44 

44 

4. 

44 

44 

44 

44 


Emery Eng. Mag 


44 

4 4 


44 

44 


14 
4 

15 

*3 


Combination, Slow Comp. Cond. High Speed 

Non-Cond. 5 

Combination, Slow Speed Comp. Cond. and ( iq 
D bl. Cond...] 20 

Compound High Speed Non-Cond. Emery.... C 

4 4 44 44 44 *,4 

• • * • v< 

Compound High Speed Condensing. Emery.. G 
*• “ u “ “ .. G 

Triple Comp. High Speed Non-Cond. Emery. D 
“ “ “ “ “ “ D 

Triple Comp. High Speed Condensing. 

4 k 4 V m 44 ^ ^ 

Slow Speed Condensing. 


4 4 
44 


*4 
• 4 
(4 


44 

4 


44 
44 
4 % 


Emery. F 

1 F 

' Main.XXVIII. 


High Speed Condensing. Emery . F 

44 44 4% 44 * * ^ 

“ Eng. Mag. 


4 4 


44 


Slow Speed Compound Condensing. 7 

•.18 


44 
44 
44 
44 
44 
44 
(4 
44 
4 4 


44 

44 

44 


(4 

44 


44 
4 4 
44 
44 
44 
44 
44 
44 


44 
4 4 
44 
44 
4 4 


.. 21 

• .. 22 

Emery.H 

“ H 

Emery Eng. Mag... 
“ Webber....XXIII. 

“ “ XXIV. 

“ Hale.XXV. 

“ Main.XXVIII. 


Slow Speed Triple Comp. Condensing.i 7 

.. Emery. ] 

^ 44 44 L S U J J 

44 4 4 


44 

44 


41 

44 


4 t 
44 
44 
44 


44 

4k 

4k 


44 

44 

Li. 


J 

L 

L 


Eng. Mag 

Water Works Pumps. Compound Cond..., Q 

U *4 4* 4 fc . ^ 


44 

14 


44 

44 


fct 

U 


44 


44 


Triple “ 


10 

“ ....XXVI 


1,000 

21 

12 

53 

10 

75 

542 

542 


70 

2,422 

1,910 

542 

542 

542 

542 

542 

542 

542 

542 

211 

556 

556 

1,000 

542 

542 

150 

1,346 
926 
i 279 
r on 
556 
556 
250 
1,050 
650 
* • • • 
1,00 j 

i,i75 

556 

556 

556 

556 

500 

1,352 

37 

42 

560 


Cost per rr. p. per Annum. 


Operating 

Expense. 

Fixed 

Charge. 

3,080 

Hours 

8 750 
Hours. 

$71.92 

$7.81 


$79 73 

10.55 

33-82 

, , , , 

r 5 T -37 

88 24 

17.80 

106.04 

* * ■ 4 

21.31 

9.41 

30.72 


1S.20 

4-47 

22.67 

4 4 • • 

85.00 

S.63 

94-53 

4**4 

23.66 

8*95 

32.61 

* 4*4 

64.91 

8.q6 

« < t 1 

73 &7 

19-37 

6.49 

25.86 

.... 

I57.S6 

28.42 

• • ■ • 

186 28 

175.13 

25.40 

200.53 

■ 4 4 4 

25.38 

5.83 

31.21 

• • 4 • 

44-54 

i 9 - 5 i 

64.05 

4 4 4 # 

73-15 

6.00 

79.16 

*444 

36.50 

6 50 

43 -° r 

* 4*4 

26.84 

8.62 

35 . 4 6 

* 4*4 

74 02 

8.82 

• • • • 

82 64 

137-79 

20.76 

* • • • 

158.55 

14.17 

6-73 

20.90 

4444 

16.33 

6.63 

22.96 

*•44 

22.1 r 

8 01 

30.12 

* 4 4 4 

60.88 

8.02 

• ■ • • 

68 90 

18.03 

7-57 

25.60 

* * # * 

49.76 

7.56 

• • * • 

57-32 

20.73 

S.81 

2 9-57 


57-12 

8.80 


65.92 

15 93 

8.02 

24.00 

* « t 1 

43-98 

8.02 

• • • * 

52.CO 

68.87 

7-83 

• • • • 

76.75 

17 53 

7.81 

25.34 

* 4 • • 

48.27 

7.81 

* * • * 

56 08 

16.82 

6.36 

23.18 

> 4*4 

19-33 

7 -S 6 

26.75 

• 4*4 

53-44 

7-36 

• • • • 

60.80 

26.65 

6.00 

32.65 

4 « 4 » 

27.75 

9.42 

37-17 


13.77 

8.77 

22.54 

4 4 4 4 

12 75 

6,23 

18.98 

4 4 4 4 

16.08 

7-74 

23.82 

*•44 

16. r8 

7 93 

24. ti 

4 4*4 

44-50 

7-94 

• • * • 

52.44 

19.96 

6.40 

26.36 


! 3 - 3 i 

6.62 

19 93 


15.68 

6 78 

22 46 

• * 4 * 

to. 75 

6 21 

16.96 

4 * 4 # 

13.40 

6.36 

19.76 

.... 

9-73 

5-50 

15.29 

• * 4 « 

14.82 

8-93 

23.75 

* * * * 

40.82 

8-95 

* * 4 » 

49-77 

T 3-14 

9-43 

22.57 

• * 4 » 4 

36.27 

9 42 

• * • • 

45.69 

15.19 

7.20 

22.39 

* • ■ 4 

39-86 

29.41 

• ■ * . 

69.27 

165.30 

96.70 

* * » » 

26l.OO 

100.65 

63 20 

4 ■ • • 

I63 85 

47 30 

11.64 

• ■44 

58.94 
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^ , t p I>r- Emery’s of $.00856 or t)ie writer’s of $.00824, the two 
| * $ are seen to exceed the first by about 50 per cent, a variation 
wr ^ er ai 'g ues J° es not permit of stating average costs 
^ t . general use. And finally, in order that the report may be 
<44 r ,10re P rac ^ ea ^ ^alne, the results have in table xxx been as- 
»s aild re ^ nee( l t° cost per horse-power per annum, for 

hours P er <% for 30S Jays, and for 24 hours per day for 

da y g - 

A"! )e column gives the type of engines, with the number 
v,^ iP e plant from the tables; next the amount of power devel- 
^ gdi as showing the size of the plant; then operating and fixed 
^^p^nse; and in the last'two columns, the total cost per annum 
;f . 3,080 hours and 8,760 hours. 

rjfiiis table allows a direct comparison of different plants, and 
tdj^tirent authorities. 
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Discussion. 

The President This subject is one upon which we are very 

? /* r* ^ nrn says, one that you can get all 

sorts of* ngures lor. They are chiefly based upon what people 

think they are doing, and the paper is particularly valuable as 
being.intended to give the facts as they actually are. In my own 
experience, I have heard of cases where power was supposed to be 
generated at a very low figure, but as a matter of fact, it, was 
costing a gieat deal. Mr. Poster has devoted considerable time 
as well as intelligent effort to reaching the real results The 
paper is open for discussion. 

Dr. Perrine . I would like to further emphasize one fact, 
to which Mi. foster calls attention and to which he apparently 
attaches a good deal of importance, namely, that of the results of 
the plant Iso. 17. In spite of the fact- that it was one of the best 
equipped plants meenanically, and used expensive coal, the cost of 
noise power was but little less than obtained with, another plant 
using a poorer quality of coal; and in this is involved a question 
oi the method ot testing fuel in order to arrive at a definite con¬ 
clusion as to what coal snould he used in anv particular plant 
At one time—and I think it still exists somewhat—there was a 
tendency to throw doubt on the value of calorimeter tests of coals. 

I he mechanical engineers as a rule say that this is not the best 
test ot coal, but that the best test of any particular coal is by fir¬ 
ing undei the boilers, and seeing what result can he obtained. 

I hat is, ot course, nothing more than the arriving at the result 
that the fn email can handle a particular coal better than he can 
handle another coal, but that does not say at all whether better 
economy might not be obtained by discharging that fireman and 
getting a new man, or by introducing mechanical stokers, or some 
means ot using a different quality of coal. 

As regards the question of the heat units contained in a pound 
of coal, L think there is far less difference between the poorest 
coals ordinarily in the market and the best coals. This 1 know 
was brought out in a paper, I think before the British Institution 
ot metrical Engineers—at any rate, before one of the British 
societies,.on the cost of steam power. I cannot recall at the 
present time the date, of the paper or even the author, but I re¬ 
in embei that in the discussion, in which engineers had mven the 
cost of operating a number of different electric plants, one engi¬ 
neer gave an example of his own plant in which he was using a 
cheap grade of coal, and by which he claimed that he was obtain¬ 
ing very high efficiency. The statement was made that he was 

o ? P! rtieulai ' T ua ^ fc T slack, giving not more than about 
y,UUO heat units per pound of coal, and as it was about one-half 
tJm best that can be obtained, there was quite a margin of loss of 
efficiency, which might be accounted for by the coal. He had 
not made any calorimeter tests, but arrived at this value of the 
neat units m the method that a great many engineers had arrived 
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afc it, by guesswork. It happened that the particular quality of 
coal used by this engineer had been tested by the author of the 
paper, and in place of being low in heat units, it was reasonably 
high. Instead of being 9,000 heat units, it was 13 to 14 , 000 , and 
in place of the plant being economical on the basis of the coal 
used, it was not economical on the basis of the coal used; and 
this shows the effect of that class of rough and ready tests. Most 
of our economy of electrical machinery has been reached through 
the fact that electrical engineers are not content with guessing or 
assuming the efficiency of .their plants, but actual tests of effi¬ 
ciency are made of a scientific character, and when these results 
are obtained, electricians have sufficient faith in their results to 
re j.Y ll P 0U them, and the introduction of this same scientific 
spirit into the question of coal handling is one that lias done a 
great deal in this country towards decreasing the cost of steam 
power, and as the methods of the scientist afe extended, it will 
do a great deal more. The fact is, in the neighborhood of Chicago 
most of the mechanical engineers have finally ascertained that of 
the coals they can get there, the lowest priced coal is in general 
the coal which gives the cheapest steam power. But that does 
not say that in any particular plant the lowest price coal neces¬ 
sarily gives the cheapest steam power, because if we have a plant 
designed for anthracite coal, we cannot economically burn bitu¬ 
minous slack on the grate bars; but if at any particular locality 
bituminous slack is the cheapest coal to buy, then the most econ¬ 
omical plant, as a rule, will be the plant which is built and 
adapted for that low priced coal. While Mr. Foster does not 
insist on this fact particularly, nevertheless his experiments with 
this plant JMo. 17 show that the choice of coal gives a tremendous 
basis for a change in the price of the steam power. In this par¬ 
ticular plant, No. 17, a cheaper coal might give a lower efficiency, 
hut, nevertheless, had the same care been used in designing the 
furnaces as was apparently used in the rest of the plant, it seems 
from the results of neighboring plants that a lower steam cost 
would have been obtained by the use of a cheaper coal, for other¬ 
wise there is apparently no result from the care with which the 
general machinery of the plant has been chosen. In all of this I 
mean to insist that we are necessarily to apply and rely upon the 
scientific methods of tests in every part of a plant in which we use 
our electrical machinery, and the rough and ready test of the 
every day .mechanic is no more to be relied upon in the choice of 
fuel than it would he relied upon in the choice of a dynamo ma¬ 
chine. 


.The Secretary: —One of the interesting facts in connection 
with the great development of steam power is that of the 
changes in prices of coal and the quantities of each size brought 
to market, due to the demand that has grown up for smaller 
sizes through their coming into use gradually on account of 
their cheapness. Perhaps a case that will he known to most of 
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you is that of the difference between ordinary stove coal and 
chestnut coal. Chestnut coal was formerly cheaper at retail than 
stove coal, but in use it was found that for many reasons chest¬ 
nut was more desirable, and so gradually the price was raised 
until the retail price of chestnut is now the same as that of stove 
coal. Then again, there has been a lot of coal piled up in 
culm heaps that formerly was considered good for nothing. 
Pea coal was brought into market in JUS67, and in 187b buckwheat 
coal was introduced. There is also rice coal, although the 
latter is used for fuel only at the mines, and that coal has 
recently had a market price of, its own; whereas, years ago it 
could not be given away. We all know that there are certain 
goods and valuables that bear transportation better than others, 
and on account of high freights I would like to ask Dr. Perrine, 
about the kind of coal that is used in California. We know that 
they use a certain amount of anthracite. That has to be brought 
from long distances and we can all well understand that there 
are certain grades of coal which it is economical to use only near 
the mines, and where there is no cost for transportation. But if 
you have to carry that coal a great way, of course the freight on 
it is as much as it would be on a better class of coal. Conse¬ 


quently, it appears to me that the practice in different localities 
would show that it is only the best coal that can be transported 
and used economically. 

As a matter of record it might be well to quote here a table 
prepared by Win. McClave, of Scranton, and included in a 


paper read by him at Philadelphia, January 9th, 1895, before 
the “Anthracite Coal Operators Association.” Lie takes the 
best bituminous or anthracite as a standard. 


Table of Relative Values by Percentage. 


Bituminous Coal, good quality,. 100# 

“ Slack, 90# 

Anthracite Steamboat,, “ 95# 

“ Broken, “ 97# 

“ Egg, “ 10c# 

“ Stove, “ 100# 

“ Chestnut, 4 ‘ 100# 

4 4 • Pea, well cleaned and of good quality. 95# 

44 Pea, mixed with bone and slate,. 90# 

“ Buckwheat No. 1, good quality,. 92# 

“ No, 2, 44 ' . 85# 

44 “ No. 2, “ . 82# 

“ Culm No. 1, mixed with 20# soft coal slack 

good quality,. 82# 

4 4 Culm No. 2, mixed with 20# soft coal slack, 

good quality,. 77# 

14 Culm No. 1 (alone), good quality, . 75# 


To equal Antli, 
Err, add to 
each ton. 


No. 2 (alone), 


70* 


11 1 * 
5 .3* 
3.1 * 


5.3;.; 

11 . 1 % 

7 , 5 * 

17.6* 

20.5* 


i* 20.5* 


29.9* 
33. J* 
42.9* 


It can hardly be expected that such figures can be exact under 
the varying conditions, but they were obtained in actual practice. 
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. I) r. Pekkine :—The practice in steaming in California is very 
bad, and it is largely for this reason that the coal dealers are the 
only steam makers. The coal is purchased in California for the 
electric railroads and power plants on the basis of the production 
of pounds of steam per hour. The coal is entirely paid for bv the 
thousand pounds of dry steam produced. The coal dealer has the 
option of using his own firemen or using the firemen belonging 
to the company lie is supplying. Of course in either case the 
company supplied pays the wages of the men, but the coal dealer 
may take entire charge of the fire room and hire the employes, 
or, he may simply have a'representative there. The best coal that 
we get out there, the coal which Iras the highest calorific power, 
is Welsh anthracite, which is obtained by the largest dealers at 
about $6.00 per ton. I paid l.oo a ton for it, and I can get a 
lower grade of bituminous for $U).5o. But the largest dealers 
can obtain a lower grade of bituminous coal at about $4.50 a ton, 
but no coal could be had in California for less than about $4.50 
a ton by the largest dealers, and those are people who charter 
their own ships and bring in coal by the shipload. The most of 
our bituminous coal comes from Australia and our anthracite coal 


comes from Wales. There is very little Pennsylvania anthracite 
used. That has to come overland and costs from $11.00 to $12.00 
per ton. Some people who are very particular and want good 
hard coal buy it. One would expect that these men would work 
out thoroughly the best possible grates and the best possible 
methods of handling coal, but the greatest advance they have 
made consists simply in bringing from the boiler a steam jet to 
serve as a blower to the lire. " That serves not only as a blower, 
but gives a flame to this Welsh anthracite coal which it does not 
possess without that agency. Only recently have some few of 
the younger engineers made careful tests with change of grate- 
bars and the use of the cheaper coals, and up to the present time 
they have not obtained very good results because tile manufac¬ 
turers are slow to see that the experiments may result in any great 
advantage. They buy steam, not coal, and they are reasonably 
satisfied with the price that the steam costs them, so they are not 
willing to put much money into change of furnaces, especially as 
the coal is controlled by a very close combination, and they do 
not know but that if they should generally introduce bituminous 
coal, of a low grade, that then the bituminous coal of a low grade 
would be held at the same price as the anthracite of a high grade. 
Furthermore there is hesitancy on account of the fact that the 
low grade bituminous coal comes from Alaska and Washington, 
with which there are comparatively no return freights, so that while 
we can bring a little coal down from that country cheaply, if we 
should have to carry a great amount of coal it would mean 
freights only in one direction and the freight rates would run up. 
The coal is brought in the wheat vessels. A good deal of our 
flour goes to Australia and a great deal of our wheat goes to 
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England. The whole stock of California coal comes into the 
btate during the autumn, when the wheat ships arc arriviim fl 
their fall cargoes, and these combined elements have held tC 
question of consumption atone point for a great many years •md 
as I say have directed steam users to the economic value of'the 
very best coal that we can get, which is really a hotter eoat than 
many coals you get, here on the Atlantic coast,, f do not think 
there is any except possibly the gas coal that you have herein 
the east, that lias as hio*h calorific power as the Woish <ani 

fW II BOwkn-s : 1 feel that one of the best directions in 

which eleetriea engmec.rs can direct their efforts is in inducing the 
owncisof small electric light and power plants, to keen a contin 
uons coal and water record. Of course it i.' done in our huge plants 
and m a te\y isolated ones, hor instance, in the Hoard of Trade 
plant m Chicago, a continuous record of wider ami coal is kent and 
averages are obtainable which it is impossible to get in t wo or t\ Z 
ten-hour tests. Coals of all kinds are tried, and the number of 
pounds of water evaporated, under standard conditions, per'dob 
lai s worth of coal, is obtained, whic.lt is really the only proper wav 
to express the value of coal, orany other fuel used for'stean. genor 

T adlev! 1 ' r'V* T ¥' tU N l ,liUl(;s ' is.imv, 

. behc\e, less than the lamp breakage. It has come to be oneof 

the smallest items ot expense.; whereas, in smaller IMitim.' plants 

m interior towns, it, is more than one-third the total expense of oj 

eiatmii. hi those latter, t.horefore, the coal pile must be watched 

with especial care, but, as I said before, very little of value is oh- 

tained by short runs, hor instance, it is possible to vet from New 

-River coal, anevaporution of t.‘{ pounds, from and'at, \M o under 

of iiHn r Ca I ,tnin Of Chicago, formerly 
of the Navy, last year made a, test, u.sinv* JNew Itiver <*InI of a wolf 

■rfterTl boiler fitted with a good automatic stoker, and 

after three or four preliminary trials, actually got Id pounds— 

such }:z^r ipon,t r 1 th i ,,k h ^ «* ha. ^ 

<11H( US Of conZT^ 1 ’ iaK - eVl ‘ r lK : e,, I . , I "" <l<! ,lu<l(!r t,l<l OI 'dinary con- 
Air C contlmi<>,,w service, or. is likely to be 

A Member:— Is that per dollar's worth of coal ’< 

ROF. Ovvkns : —No, per pound. It, simply shows that short 

temlinjr over ^ , Jt ’ W onl ->' who " ™>«1* aro kept ex' 

SS M dnlT ****** I™ «"* a “Vlnng Of real value 

wi^h'b^ssv'tbfr m' K; n K,| T : ”~, Before W(J <;luu r ««« subject, 1 

thanks for the m-eift canMleVhe l!'w lT"7" ,Hl .' k ‘ iU ' t ' y 
inir out a lot of in-t t , as evidently bestowed in fish- 

vaInable_ otwI r riT.'wi’ 10 ! 1 w IK, 1’ ', H c «|f'UinIy valuable- -extremely 

be to combine the Je'. ? U ‘’Vt °fi f, lea ‘" m <>f the Jnstitutk should 

that in this resnoet *,* 10 corm . n<,1 ’dal side, and {'believe 

that I have ] )P . H .,i' . ' ’ <ast j ors I )a l )0r *s perhaps the best paper 

our collels thewT? he 1 eo, . nl,i,, « d what we are taught in 
cotIe & es, the work that we do m connection with our median- 
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ical engineering, with the results obtained in commercial practice. 
I have encountered personally some of the difficulties that Mr. 
Foster lias, and I know that when he is able to summarize 22 
cases in which he can get accurately at the cost of power he has 
done a great deal of work. He has my personal thanks. 

Mr. W. H. Ripley :—In regard to what Prof. Owens says about 
the importance of keeping a close record, I noticed on Long Island 
a couple of years ago, where a plant was started, there was a large 
supply of coal on hand in the yards. The coal was of very good 
quality and high cost, and the plant was started on that coal. The 
engineer in charge was a man of a great deal of experience, and 
had studied a good deal besides his actual firing work. "When the 
supply gave out, the directors of the company, who were not very 
far-seeing people anyway and had all along been complaining of 
the price of coal, got a chance to buy a quantity of very much 
cheaper coal—that is what they looked at, the price of it; and 
this man had been keeping very careful records of the evapora¬ 
tion per pound every day, and he made a weekly summary and a 
monthly report to the company, and kept track of the percentage 
of ash. The percentage of ash in the coal they started with was, 
I believe, about 8£ and with this-cheaper coal the ash was over 13 
per cent. After over two months of talk, presenting the matter 
to those directors who were mostly residents there, we finally con¬ 
vinced them that they were getting a smaller amount of steam, 
and that the increased amount of ash just about balanced the dif¬ 
ference in price in the coals, but it took a long while, and I think 
that is an example of the difficulties that men in charge of steam 
plants have—that managers or purchasing agents look at the cost 
of the coal alone, and unless some very careful record is taken it 
is almost impossible in some cases to make any improvements in 
the cost of the steam. 

The President :—If the discussion is over, there will be some 
announcements. 

Miss Farmer: —I have a telegram which should have been 
received on Monday, July 26th, which I will read : 

Miss Sarah J. Farmer. 

“ I regret exceedingly that recent absence abroad and urgent business engage¬ 
ments since my return have prevented the preparation of my intended paper on 
electric railways, and to my great disappointment I am also denied the privilege 
of attending the meeting of the American Institute of Electrical Engineers 
at the noble memorial you have established to the memory of your distinguished 

father. . 

* I am, however, with you in spirit, and, furthermore, by a coincidence which 
I hope may prove an auspicious augury, this day, the fiftieth anniversary of the 
first exhibition at Dover by Moses Gr. Farmer of the movement of a ear by elec¬ 
tricity, has seen the inauguration and first public demonstration of an electric 
train, properly speaking, that is, one in which each car is individually equipped 
with motors and all are electrically controlled from any desired point. This 
marks a new departure in electric propulsion as distinguished from locomotive 
practice. It is the logical sequence of the adoption of electricity for railway 
work,*and to-day a train of six cars has been successfully operated by a boy of 

nine years. ... . . 

“ The advancement of the electric railway in the decade since the installation 
of the Richmond railway is unparalleled, and no advance in the industrial world 
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has had a more widespread and beneficial effect on the social and inoral well 
being of the community. In 1887 there were scarcely a dozen electric railways 
in existence, to-day there are 700 in the United States alone. Then there were 
scarcely 100 miles of track, now there are nearly 14,000 miles. From 150 cars, 
the equipment has grown to over 35,000, propelled by 52,000 motors. 

“Prediction would perhaps be idle, but it would seem that we are entering 
on a new era of railway progress whose extent cannot well be limited, in which 
not only city but suburban, and in a large measure internrban, passenger traffic 
will be electric in all its essentials. Frank J. Sprague.” 


The President:— I am sure we are all very much interested 
to hear this telegram read on this occasion. It is most unfortu¬ 
nate, however, that we ,do not have Mr. Sprague here in person, 
because his personality is particularly strong and interesting, but 
he shows some of it, 1 think, in his telegram. 

I believe Prof. Owens has an invitation to present to the Insti¬ 


tute. The Institute would be glad to hear it. 

Prof. Owens :— I have the pleasure of extending on behalf of 
the President and Board of Directors of the Trans-Mississippi 
Exposition, an invitation to the Institute to hold its next general 
meeting in Omaha. Every facility will be afforded for making 
the meeting a success. Probably in a great many years the west 
will not have such features of electrical interest as may be seen in 
Omaha next summer. I hope that some expression may he ob¬ 
tained from those present in this regard, for the sooner the place 
of meeting is decided upon, the easier it will he to make arrange¬ 
ments for a successful one. 


Mr. T. C. Martin :--Mr. President, I think most of us have 
listened to the invitation from Prof. Owens as a special Commis¬ 
sioner from the State of Nebraska with a good deal of interest 
and pleasure. It seems to me that after coming, as we have here, 
to the extreme eastern tip of the continent, it would at least be 
proper and in order that our next oscillation, as you might call it, 
should carry us somewhere toward the centre of the country. We 
have been inclined in our meetings to linger eastward and it 
is certainly high time that once more we turn our faces to 
the west; and perhaps ro render the contrast complete I do not 
know that we could seek anything in sharper difference from the 
sweet serenity and peace of our surroundings here than the bustle 
and hurlyburly of the west, as we shall find it, proceeding from 
Chicago and staying a few days at Omaha during that exposition. 
I think, moreover, that we, as a body, owe a little to the State 
that our friend represents. I had the pleasure of being in Lincoln 
last year and I was deeply impressed with the magnificence, the 
splendor, the regal generosity with which that State had endowed 
her educational facilities, and particularly the eagerness with 
which they were seeking there to give further scope and larger 
aim, and higher purpose, to the scientific and technical training 
of her young men. If we go west upon such an occasion as this, 
we shall not only be doing something that Nebraska will deeply 
appreciate, but we shall be furthering the purpose which under¬ 
lies the existence of the Institute itself. I would like, therefore, 
if it please you sir, to offer this resolution, which, I will say just 
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by way of preamble, is not intended in anywise to commit ns now. 
1 do not think that that would be proper.' I do not think it is per¬ 
haps within our province. The object of this resolution is simply 
to get from this meeting an expression of its feeling on the 
subject, and though perhaps this is not as large a meeting as it 
might, be, we have rarely had a more representative gathering than 
at this time. Another fact I would like to mention is that we have 
a large number of members in the west; possibly the preponder¬ 
ance is west of the Alleghanies and certainly we do wish to 
extend our membership out west and the best way to extend it 
is to go west and go after the membership. My resolution is 
this: 


Resolved that it is the sense of this meeting, that it is desirable to hold 
the uext General Meeting of the Institute at Omaha and i hat the invitation 
extended by Prof Owens be favorably referred to the Council for further coni 
sideration and early action. 


Mr. Dunn : — Mr. President, I desire to second this motion. I 
think that a meeting in the west next year would be particularly 
appropriate, i think that the holding of it at Omaha at the time 
of the Traus-Mississippi Exposition would enable us to assemble 
a large gathering, and when Mr. Martin mentioned the hospitality 
that we should find in the west it brought to my mind pictures 
of how well our western friends would receive ns, and do every¬ 
thing in their power to make us comfortable and to make our 
meeting a success. 

Mb. JSteinmpjtz : —I think this motion is a very timely one. 
Our Institute has in the last years extended so greatly westward 
that the centre of membership undoubtedly lies considerably 
further west than the average meeting place. Now we have so 
many members in Chicago and San Francisco whom we have 
never seen and who possibly may come to Omaha, but who cer¬ 
tainly will not come to us here, and since for years and years 
most of the meetings have been held here in the east and even in 
the far east, a meeting farther to the west would be very timely. 
I heartily endorse this motion. 

Mr. C. W. Pike :—It appears to me there are three very good 
reasons why we should .go to Omaha. In the first place there has 
been a good deal of criticism of the management of the Institute, 
because it is considered to be a New York concern. I know of 
course that that criticism is by no means just. At the same time 
it exists.. I think it would do a great deal to dissipate that, if we 
did get into the habit more extensively than we have in the past 
of holding our meetings outside of New York, more especially in 
the western states. In the second place I have no doubt that we 
should have a larger meeting in Omaha than perhaps any place 
that we could choose, because we should have the Trans-Missis- 
sippi Exposition for one thing, and because people in the west 
think nothing of traveling a few hundred miles. In the third 
place, Prof. Owens has invited us. I should therefore most 
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heartily second this motion of Mr. Martin to refer this ,-esoh.ti 
favorably to the Council. 'Solution 

Tlie resolution was carried unanimously 

J hi;: l RKsn.KNT.--l will take this opportunity to « • 

formal .statement for the information of the Ins 'rru‘n A “* 

delegate appointed by the Inst.tutk to represent t at tl. A * 

tional Conference on Standard Electric Rules culled* hf .*! 

formulate and promulgate one uniform code of elec rkmadeTf! 0 
the whole country. 1 have to renort that m,„ n ■ 1 des for 

cessfullv accomplished its work and that tl < ll *h‘''<;nce has sue- 

c«„fe re ,„,,J„„„ ■ ; n,t T 1 " 

Institute of Areldtak T», A '°« r,c *» 

Engineers, The American Society of MeehanieulVn 
American Street Railway Amotion Fac^ 15 IT’ ^ 

surance Con,panics, National Association of hie E 

tional Hoard of Fire* Undeirwntmv i o ^^lntcis, JNT&- 

eiation and the The, Uii ( lerwriters’ : N T ati<!nal Ass °- 

thesc being practically all of Iho In.div '7h 1? 

even indirect interest in this question and it J, ll . avt ‘ an J (i *rect or 

to be a particularly complete organism, . ' In la u dTdnlfif,? 
be said to be ono of flm kb.. i A 1 "oink it can 

tions of technical and commercial ‘intelaisbl'^^thalw? 11 -^ 1 '?^ 
together for a specific purpose of the kind Vnd 1 ^ j <;V ? r ,^ a . e ^ 
matter of congratulation that it was aide to perform the' C ’i ? a 
winch it was organized. I can also «-,«• r I t ,. Wo . rc or 
the Institute that the influence of the Tn* mforn,atio “ of 
that it had taken this somewhat ,, . , . 1T , r,mc and the fact 

able effect in securing the success of This Collferetice 

that, if this Institute had held itself aloof as it lias in thl ! 

the approve] of this Lie $ a S'i g fLl“° ,nm fa 

already iLn X^lhyZ^Z 

more than one-half of those renresented o tl •* u 3n . fact 

to yon. rented m this list I have given 

The next paper on the list is on “Efficient »ru] T ,*r f n 
ions in Enclosed Arc Lamps,” by W H Keedman ° t T 
Burroughs and ,1. Iiapaport. The authors are f,? ’ J f 

as I am somewhat familiar with t.h« ™ L° t tmi "1?“ an ,<? 



A paper presented at the 14th General Meeting 0/ 
the America ft Institute of Electrical Engi¬ 
neers, Eliot , Me,, July 28th, iSqj, Vice-President 
Stein mete in the Chair . 


THE ENCLOSED ARC LAMP. 


BY W. H. FREEDMAN, II. S. BURROUGHS AND .1. RAP ABORT. 


Statistics show that the enclosed arc lamp is not only rapidly 
increasing in the point of numbers installed, but actually 
replacing, in many instances, the open arc lamp. The fact that 
one set of carbons will last from 75 to 150 hours, according to 
the make of the lamp, is in itself sufficient to explain the successful 
and rapid introduction of this form of lamp. Feeling, however, 
that there were many facts and ranch data that could be pre¬ 
sented in relation to the enclosed arc lamp, a large number of 
tests were carried on, the main results obtained being presented 
in the following paper. 

Obtaining samples of the Manhattan, Helios, Bergmann, 
Imperial, Pioneer, Thomson 75-hour and Thomson 100-hour 
lamps, tests were made bearing upon the relation between length 
of arc and voltage across the arc, the regulation, life of carbons, 
ratio of consumption of positive and negative carbons, and the 
distribution of light. 

The method was adopted of assigning a number to each make 
of lamp, and using that, instead of the name of the lamp, in 
stating the results. 

o 

Mechanism op the Enclosed Arc Lamp. 

All of the enclosed lamps now on the market, work on the 
same general principles. They are placed singly across the 
ordinary incandescent lighting circuit, and are regulated to take, 
approximately, 80 volts across the arc, the rest of the potential 
being consumed in the regulating solenoid and extra resistance 
(shown in Fig. 1). There is a marked difference between all of 
these and the ordinary open arc. The standard current is five 
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amperes, the arc being about yF" long, while the carbons burn 
nearly flat instead of taking the shape as in the case of the open 
arc. This makes a change in the distribution of the light, com- 



Fig. 1.—Carbon Feed Lamp. Lamp is about !fO ff Ion,g, whereas lamps with 

Carbon Rods come as long as 46". 

R Extra Resistance. G Gas Cap. 

S Solenoid P* Inner Globe. 

P Plunder with Dash-pot attachment. A Inner Globe Holder. 

F Friction Clutch. H — Carbon Holder. 

CC Contact pieces, of Clutch. D Holder for Outer Globe. 

K, Carbon. 
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The current passes through the ex¬ 
tra resistance, the solenoid and the 
carbons, in series. This series arrange¬ 
ment makes a very simple lamp, with 
very few parts, and working much 
steadier than the open arc lamp. When 
no current is passing, the carbons 
touch; the moment the current is 
thrown on, the core is drawn up, car- 



pared with the open arc, which will be shown by curves later on. 
Fig. 2 shows the difference in appearance of the carbon in the two 
styles of arc. The enclosed arc burns flat on the top or positive 
carbon, the lower or negative one becoming slightly convex. The 
arc itself does not remain in any one spot, but wanders all around 
the flat ends. In the case of large 
carbons, this is objectionable, as it 
causes rather heavy shadows to be cast, 
which to a large extent,can bepre vented 
by the use of proper globes. The ex¬ 
periment was tried of rounding the 
ends slightly. This arrangement did 
away with the shadows, but the car¬ 
bons burned flat again in a very short 
time. 


rying the positive carbon by a friction Fig 3. 

clutch. The negative carbon is flexed in a holder or socket, at 
the bottom of the lamp. 

The simplest form of friction clutch consists of a straight hori¬ 
zontal rod fastened to the end of the plunger of the solenoid, 
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and having at each end ail arm so pivoted that these two arms 
cross each other like a letter X (as shown in Fig. 8). At each 
lower end of these arms is pivoted a friction piece, with either a 
rounded or a Y-shaped surface, that grasps the rod holding the 
upper carbon. Lifting the upper ends causes the lower ends to 
(mine nearer together, thus gripping the rod. The carbon and 
its rod are dropped when the device falls far enough to touch a 
stop that prevents the lower part of the (dutch from corning 
down any further. A novel departure from this form of clutch 
consists of a cylindrical piece of brass, fitting around the rod, and 
having its upper end grooved to hold a row of steel halls. These 
are held in place by a conically-shaped cup. When the inner 
cylinder rests on the stop, the cup, which is attached to the 
plunger, descends far enough, by reason of its sloping sides, to 
release the friction on the balls and the carbon rod falls. When 
the core is drawn up, the cup follows, the halls being caught in 
the apex of the cup, and the rod is drawn up. 

Fuses should be put in circuit with each lamp, and as the first 
rush of current is from 40 to 240 per cent, of the steady value, 
according to the make of the lamp, the fuse must he heavy 
enough not to blow when the lamp is first thrown in. In the 
case of lamps having a large Hush of current, the lamp is not so 
Avell protected against an accidental heavy current, as the fuse 
must be of greater carrying capacity than in the case of lamps 
with a small flush of current, and may not blow until the lamp 
lias been seriously overheated. One effect of high temperature 
around the working parts, is to make the brass rod that carries 
the upper carbon, stick, the surface losing its smoothness, so that 
in some cases it is necessary to take the rod out and polish it. 
The current is usually carried to the upper carbon by means of 
two brushes pressing on this rod. As the carbons wear away, 
the armature of the solenoid gradually descends, the current 
remaining practically constant whatever the position of the 
plunger, until it reaches the stop that releases the carbon from 
the friction clutch; the carbon then falls and strikes the lower 
one, but is immediately picked up again,—the light sometimes 
going out and sometimes remaining. This process, however, oc¬ 
curs at comparatively long intervals as the core lias a play of 
to \ f! before the stop is reached. The positive carbon wears away 
at the rate of ,05 of an inch, approximately, per hour, and the 
negative at half this rate; there will consequently be from 5 to 
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8 hours between the times of the resetting of the core to its top 

f. 1 

position. The open are lamp, allowing a consumption of one 
inch per hour, feeds about 15 to 20 times as much. 

A good lamp should have the following points, the determi¬ 
nation of which was one of the objects of our experimental work: 

Long life for one set of carbons ; 

Simple and light, but strong mechanism ; 

Lamp must be short, for use in low-ceiling rooms ; 

Must cast no shadows from the carbon points, and it must not 
be necessary to use verv dense globes to obtain this result; 

Smallest possible amount of deposit on the inner globe ; 

Smallest possible flush of current at start; 

Lamp should pick up- immediately when the carbons have 
fallen together; 

Carbons should drop immediately at feed and if the arc should 
break ; 

Minimum hysteresis in the core and no friction of the moving 
parts sufficient to cause sticking ; 

Lamp should be so insulated that when the current is on, there 
is no uninsulated portion exposed ; 

The shell of the lamp should be readily removable so as to ex¬ 
pose the working parts ; 

The outer globe should be easily removable and so fastened 
that, when hanging down it cannot be dropped or broken ; 

Old carbons and inner globe must be easily removable ; 

Both globes must admit of easy cleaning ; 

It should be easy to replace and centre the carbons; 

The lower carbon holder and inner globe holder must be held 
firmly in place, and the arrangement for making the small bulb 
air-tight at the bottom should have no tendency to crack the 
glass or get it out of centre; 

Regulating mechanism should give the smallest possible flick¬ 
ering of the light; 

The dash-pot should be firm enough to resist sudden changes, 
but must not be so much so that it is slow in getting to its 
normal position. 

Length of Akc. 

In order to measure the length of the arc for different values 
of the voltage across it, the image was projected on a screen, on 
which the diameter of the carbon and the length of the arc were 
measured. The former being known, the true value of the 
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length of the arc was determined by simple proportion. The re¬ 
sults are given in Table I, and shown graphically in Fig. 4. 


VOLTAGE TABLE I. LENGTH 

ACROSS ARC. OF ARC. 

83 . 0 320" 

82 . 0.310" 

76.5 . 0.271" 

71 . 0.217" 

67.5 . 0.184" 

62 . 0 130" 

60 . 0.125" 

35 . 0.011" 



Regulation. 

The simple regulating mechanism of the enclosed lamp has a 
very great advantage over that of the ordinary open lamp. The 
series mechanism is not applicable to short arc lamps, as a given 
variation makes a large proportional change, whereas this is ob¬ 
viated by using a long arc. The current and voltage variation in 
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both styles of lamp at starting, each on a constant potential circuit 
of 115 volts and the open arc being one of two in series, are shown 
in Table II and Fig. 5. 

TABLE II. 


TIME. 

Enclosed Arc. 

Open Arc. 

Voltage. 

Current. 

Voltage. 

Current. 

o . 

74 - 

8.1 

29. 

18. 

i second . 

74-5 

5.2 

— 

— 

15 “ . 

74-5 

5 -o 

33 - 

19.4 

3 ° “ . 

75 - 

5* 1 

3 °- 

21. 

45 . 

77 - 

4.8 

— 

— 

i. minute. 

75-5 

5-3 

? 5 * 

22. ‘ 

1.5 “ . 

76 

5 -i 

35 * 

18.6 

2. U . 

78. 

43 

38. 

18. 

2.5 “ . 

78. 

5 -° 

— 

— 

3 . “ . 

81. 

4.6 

40*5 

17.1 

3-5 “ . 

80. 

4 6 


— 

4 * . 

80. 

4 7 

43 « 

16.1 

4-5 “ . 

77-5 

5-0 

38 . 

20.6 

5-5 “ . 

77 - 

5.2 


— 

6.0 1 ‘ . 

79 - 

4.8 

42. 

19.0 

6-5 “ . 

79. 

4*9 

— 

— 

7 - " . 

77-5 

4.9 

4 T. 

16.4 

7-5 “ . 

80. 

4 7 

42 . 

16. 

8. “ . 

79 - 

4.9 

4 1 * 

16.4 

8.5 ‘ . 

81.5 

4.6 

— 

— 

9. “ . 

83 

4*3 

43 - 

14.9 

9-5 “ . 

79-5 

4.8 

42. 

15-5 

10. “ . 

76.5 


44-5 

14. 

10.5 “ . 

76. 

5*2 

— 

— 

TT “ 

78 . 

5 *o 

41.5 

14.6 

11-5 “ - . 

81. 

4-7 

44. 

8. 

12. 1 ‘ . 

80. 

4-5 

42.5 

8. 

12.5 “ . 

79 - 

4.6 


~ 

13- . 

81.5 

4-3 

42.8 

8.9 

*3*5 ‘ . 

76 . 

4.9 

45 - 

7 - 

14. . 

79 - 

4 6 

45*5 

7.2 

1 4*5 “ . 

80. 

4-3 

38-5 

XI. 

15 - “ . 

79-5 

5 -i 

36. 

9.8 


The voltage is that across the arc. The normal currents were 
4.75 for the enclosed and 8 for the open arc lamp. 

The normal voltage across the arc, for 5 amperes, in the enclosed 
lamp is 80. This gives 400 watts expended at the arc, the rest, 
depending upon the voltage of the circuit, being wasted in the 
extra resistance. On a 110-volt circuit, this would give 72 T \ per 
cent, of the energy supplied to the lamp spent at the carbon 
points. Eighty to 85 volts seems to be as high as is desirable to 
get the best regulation. Some extra resistance is necessary for 
regulation, as a given change in the resistance of the arc will make 
a less change relatively in the whole resistance when this is large* 
It might appear advisable to run a special circuit of lower volt¬ 
age to feed these lamps if they are of sufficient number. To 
determine how low the voltage may be carried on a regular com¬ 
mercial lamp such as is supplied for the standard voltage, the 
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external resistance was gradually cut out until the regulation of 
the current began to. get poor. The lamp tested had an extra 
resistance of 6 ohms. The solenoid was very nearly one ohm. 

On the external resistance being cut down to 3.1 ohms, the cur¬ 
rent became 4.8 amperes, while the voltage across the arc was 78 
and across the lamp 100. No appreciable change was noticed in 
the steadiness of the lamp. This arrangement consumes 480 
watts, total, and 374 across the arc, which latter remains practic¬ 
ally the same. On a 115-volt circuit, where the lamp is normally 
run, the watts per lamp are 552, making a saving for this partic- 



Fig. 5.—Comparison of Open and Enclosed Arc Regulation. 


Tilar ease of 72 watts. For every 100 lamps on the 115-volt cir¬ 
cuit, 113 could, therefore, be run on the 100-volt circuit for the 
same number of watts consumed. 

The external resistance was next reduced to 2.3 ohms when 
the current became 4.85 amperes, the voltage across the lamp 95, 
while across the arc it remained at 78. As the extra resistance 
is cut out, the value of the current is slightly increased. At this 
voltage the current was too unsteady and caused considerable 
flickering. For outdoor use this would not be noticeable, but 
11 Be, such as reading and the like, it would he very ob- 
A ] 1 the lamps tested, showed flickering* on a sheet 
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of paper held a few feet away from tlie lamp. This experiment 
of lowering the voltage was performed with a small Edison ma¬ 
chine, varying the field resistance to give the desired voltage. 

Table III will be of interest in showing: the steadiness it is 
possible to get, in current and voltage across the arc. The read¬ 
ings were made every two seconds on lamp Ho. 7. The results 
are also plotted in Fig. 6. Considering that the arc is constantly 
moving, and that the external voltage is not absolutely steady, the 
regulation is very good. 

The largest swing noticed was from 5 to 5.3 amperes. Some 
of the lamps vary considerably in voltage at the start, taking 
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Fig. 0. —Current and Voltage Curves of Lamp No. 7. 


TABLE III. 


VOLTAGE. 


CURRENT. 

VOLTAGE. 

CURRENT. 

82 

82.5 , 
82 

83 

81.5 

81 

80.5 
80.5 
80.5 
80.5 
80.5 
80.5 
80.5 
80.5 

80 

80.5 


. 6.75 

80.5 . 

. 5.2 


. 5 2 

80.5 . 

. 5.1 


.... 5.1 

80.5 . 

. 5.2 


.. 5.1 

80 . 

. 5.2 


. 5.2 

80.7 . 

5.1 


. 5.3 

81 . 

.5.2 


. 5.1 

80.5 .. 

. 5.2 


.. 5.2 

80.5 . 

_ 5.1 


.. 5.1 

80.5 . 

. 5.2 


5.2 

80.2 . 

. 5.2 


5.1 

80 . 

. 5.1 


. . 5.2 

80 . 

. 5.2 


5.2 

80.2 . 

. 5.2 


. 5.1 

79.5 . 

. 5.2 


. 5.3 

80 . • ... 

. 5.1 


. 5.2 
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about live minutes before their average voltage can be deter¬ 
mined. The above lamp remained the same during its further run. 

Table IF shows the initial rush of current compared to the 
average. 

TABLE IY. 


LAMP. 

1 . 

INITIAL 

CURRENT. 

ft I vy Q 

AVERAGE 

CURRENT, 

A ryrr 

2 . 

. . . . Q in o 7 

4. <0 

K A 

3 . 

...... Q Q 

o.u 

A ft 

4 . 

.. 10, 

rt a 

5 . 

7 R 

d. v/ 

4.9 

FT 1 pr 

6 . 

11 .0 

7 . 


0.10 1 
5.15 


This also shows the effect of loose and stiff dash-pots. The 
former have the advantage of taking small initial current, but are 
slower in falling and allowing the carbons to touch in case the 
arc breaks. With stiff dash-pots the carbons are forced together 
almost instantaneously. No better regulation, however, is secured 
during the ordinary running of the lamp. 

All the lamps having rods to hold the upper carbon are neces¬ 
sarily very long, but this can be obviated by using what is called 
a carbon feed. The carbon tits into a small sleeve at the top, but 
the friction clutch grasps the carbon itself. This, however, gives 

poorer regulation, the light flickering more than when a carbon 
rod is used. 


With brass rods, the method used for making contact is to 
to employ a pair of brushes at the top. One of the lamps tested 
does not rely on this method, but uses a flexible asbestos-covered 
wire reaching to the end of the rod. This is an advantage over 
the brushes, as contact is sure to be made. When a lamp has 
been run tor some length of time, getting the mechanism tlior- 
roughly heated, the rod gets sticky from what appears to be 
shellac. In one case noticed, the rod was so discolored and dirty 
a tei about 200 houis use, that the current would not pass from 
the brushes to the rod, the carbons being together. This shows 
the necessity of cleaning the rod at the end of every run The 
rod must be easily and quickly detachable, or else so arranged 
that it can be cleaned throughout its whole length. 

To get an idea of the variations in current of the different 
amps, the ammeter in circuit was watched, and the data 
obtained is given in Table Y. No lamp remains absolutely 
steady for more than a few seconds at a time. 
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TABLE Y. 


REGULAR OCCASIONAL 
LAMP. VARIATIONS. VARIATIONS. 

1 . 4.5 to 5.0 4.5 to 5.8 

2 . 4.5 to 5.5 

3 . 4.7 to 5.1 4.3 to 5.4 

4 . 4.7 to 5.2 4.5 to 5.4 

5 . 4.7 to 5.1 4.6 to 5.2 

6 . 4.9 to 5.5 Flickers considerably. 

7 . 5.0 to 5.25 5.0 to 5.4 


The best regulation was obtained from lamps Nos. 3 and 7. 
Although the are has more chance to move about on the 
sarbons than on the T 1 - ir /, 5 lamp No. 3, using the latter, gave no 
>etter regulation than the one with the carbons. 

Life Tests. 

The life of a lamp for one trimming, depends on a large num- 
>er of conditions, most of which are self-evident. 

1. It is influenced by the size and quality of the carbons. The 
arbons will not run exactly the proper diameter, even though of 
he same make. This, while hardly noticeable to the eye, is dis- 
overed when it is found impossible to slip the carbon through the 
;as cap or in the lower socket and hole through the bottom. 

2. The life depends upon the current strength. This varies 
gradually during the run of the lamp, on account of the plunger, 
aused by the wasting of the upper carbon. The following fig- 
ires will give an idea of this change: 

With upper carbon full length of 12", the current taken by the 
amp was 5.2 amperes. Carbon 9" long, the current was only 5.05 
mperes; while, when carbon was only 6" long, its final length, 
he current was 4.85 amperes. 

3. The size of the enclosing globe affects the life, it being less 
>y a slight amount for a smaller globe. All the other conditions 
-eing the same, a lamp having a smaller globe will, during a 
■iven run, have its globe replenished with air from the outside 
ftener than if it had a larger globe. 

Table VI gives the carbon consumption in inches per hour 
or 5" and 6" globes. 

TABLE VI. 

CONSUMPTION. 5” GLOBE. 6" GLOBE. 

Positive.067 .0687 

Negative.:.034 .029 

Total.101 .0977 

4. The rate of consumption of carbon varies with the height 
f the arc in the globe. Although the current decreases in value 
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ay ^he upper carbon is consumed, the total consumption per hour 
is increased as the position of the arc goes downward in the 
globe. The measurements given below, in Table VII show 
this, which is a result of the increased circulation caused by the 
heat of the arc being lower in the bulb. 


TAB Lift VII. 


POSITION OK ARC IN BULli. 

Top. 07() 

Middle.|; 07V 

Bottom. . *070 


consumption PUR HOUR. 
Positive, Negative. 
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rn 


.024 

.020 
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Fra. 7.—Gas Caps. Half actual size. 

At the middle of the bull) the consumption per horn* is 14# 

greater than at the top ; at the bottom it is 25# greater. These 

figures are for T \" carbons, and are the largest for any of the 
lamps tested. 

5. The form of gas plug used also influences the life. They 

•J 
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vary in form from a simple circular plate with the hole for the 
carbon grooved in two circles parallel with the plane of the disk, 
to the arrangement having a chamber fitted with slits through 
that wall which is next the carbon. The object of this chamber 
is to obstruct the circulation as much as possible, and yet have 
sufficient air to keep the carbon from depositing on the globe in 
excessive (piantities. For some reason the consumption of nega¬ 
tive and positive in one of the lamps having this latter form of 
cap is in the proportion of from 1 : 5 to 1 : 10. In all the other 
lamps the ratio of consumption of positive and negative carbons 
varied from 1.7 : 1 to 2.9 : 1. Since a slow consumption of the 
negative carbon keeps the arc well up in the globe, it gives an 
advantage over the other lamps in producing a larger area of 
distribution of light at the end of the run. On a horizontal 
plane it will give a little less, as the coating is heavier at the top 
of the globe. This holds, however, for a continuous run only; 
the ratio of consumption being 1:3 for intermittent runs. This 
shows how the effect of the gas cap is neutralized by allowing 
fresh air to enter at intervals. 

Fig. 7 shows the different styles of caps. 

fi. 'Whether the run is continuous or intermittent will make 
a difference in the life, although only slight. Theoretically, 
tne life should be less for the intermittent test than when 
the lamp is kept burning without any stops. The stop- 
page allows fresli air to get in, thus increasing the con¬ 
sumption. When the current is thrown off a lamp, it is to be 
noticed that the oo gas catches tire from the inrush of air and 
forces its way out against the incoming currents, so that in some 
instances the force is sufficient to make the cap chatter in its 
place. The blue flame produced disappears in a time varying up 
to ten seconds. The results we obtained were irregular, but 
show that the life is about the same whether the lamp is burning 
steadily or at intervals, as shown by Table VIII. 
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Test e is not the full life. An accident compelled the stop¬ 
page of the continuous test after 28 hours, and the intermittent 
test was then carried on till the same amount of carbon had been 
consumed. It will be observed that in two cases the life was 
longer for the non-eontinuous run. Another test not given 
above, showed almost exactly the same loss of carbon for each 
run, the consumption for a given number of hours being 
measured. 


To find, theoretically, the amount of carbon consumed with 
inteimittent use, we can calculate the weight of oxygen the hull) 
contains when filled with fresh air, and from this determine the 
amount of carbon burned before the admission of any more fresh 
air. . For example, one of the bulbs contained lS.S cubic inches 
of air. Since the amount of oxygen contained is one fifth of 


T^abio 




this, and a cubic inch weighs 348 grains, the bulb contains when 
filled with fresh air, 129 grains of oxygen. In forming co gas, 
this amount of oxygen would require .967 grain, or approximately 
one grain of carbon to combine with. Carbon, at a specific 
gravity of 2, weighs 505 grains per cubic inch. If the carbon 

lb * . n \ , ™ etei ;> lts sectl0n is ver y nearly .2 sq. in. and a piece 
one inch long will have a volume of about .2 cu. in. and wei<di 

sumeTfT V«?r §rain !‘ * °“ e Smin of C8rboH “ con- 

)Tt.n ’ i™,® ° f bn,b ’ “ *'“* to length 

, ' a kmg .0 1 as an average total consumption 

per hour and that only .01" is consumed by the air in the bub at 
Btattng, rt wt] take 7 of these renewals to consnme an amoun 
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is run for a few minutes, sufficient theoretically to exhaust the 
oxygen in the bulb, and if this is done 7 times, it will use as 
much carbon as if the lamp had been running steadily for one 
hour. Therefore, taking 4 hours as an average run, a lamp 
burning 140 hours would have 35 stops, equivalent in consump¬ 
tion to 5 hours run, and on this basis would consume carbon as 
if it had burned continuously for 145 hours. 

7. Some of the lamps make use of an air-tight outer globe to 
keep down the supply of air. This may make a slight difference 
in the lamp’s life, but it has the disadvantage of raising the 
temperature inside the lamp to a very high point, making it 
necessary to use an insulation that will not char from the effect 
of the heat. It may also cause a coating of shellac that is 
originally put on the solenoid, to deposit on the brass rod, in¬ 
sulating it and causing it to stick. A thermometer placed inside 
the extra resistance in a lamp that was open at the top, showed 
324° F. The temperature of the air around the clutch in a 
lamp with ventilating holes was 280° F., and that of the shell, 
184° F. The inside temperature of a tightly closed lamp would 
probably be considerably higher. 

Ratio of Consumption of Positive and Negative Carbons. 

For a given lamp, the ratio decreases as the total rate of con¬ 
sumption increases, not only for different sizes of globes but also 
for different parts of the same globe. This is shown by Fig. 8 
and Table IX. 


TABLE IX. 


Consumption in Inches per Hour. 

Ratio. 


Positive. 

Negative. 

Total. 

Remarks. 

.070 

.024 

.094 

2.87 

Different parts of 

.074 

.034 

.108 

2.20 

same globe. 

.079 

•039 

. TlS 

2.02 


.0687 

.029 

.0977 

2-37 

Different globes. 

.0670 

•°34 

. IOI 

1 -97 


.0617 

.00617 

.0678 

10. 

carbons, largest 
ratio observed. 

.0509 

.0227 

.0736 

2.24 

•g /; carbons. 

.0467 

.0216 

.O673 

2.16 

-0543 

.02x7 

.076 

2.50 


.^46 

.027 

.071 

i. 70 


.048 

.023 

.071 

2.08 



It will be observed that the smallest total consumption was 
obtained with a carbon, showing very markedly the effect 
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of the gas cap. The usual method of renewing the carbons is 
to use the remainder of the upper carbon for the negative in the 
next run. In the ease of the lamp just cited (No. 3) the upper 
carbon left is about Y shorter than a new lower carbon, but 
since the life of this lamp is so prolonged the shortness would 
be no drawback. The lower carbon might even be used for 
two continuous runs, if the position of the arc in the lower por¬ 
tion of the globe is not objectionable. * 

The long life of the enclosed arc may be considered its chief 
advantage over the ordinary open arc, the saving in carbons 
and trimmers’ expenses being very large. The old style of 
lamp requires two carbons for each trimming, and lasts 0 or S 

1 mi -t ^ ^ 


hours. The enclosed arc requires to be trimmed about 

1 — .. £1 _ Tn . i 


1 

J U 


or 


^ ~ - -— IV r V./- V.A I. | V/ 1 

as often. Furthermore, each re-trimming costs less. For, 

although the cost per thousand for the same size carbon is 

greater for the enclosed arc, being $23 for 32" X X V" rods, only 

one is required for re-trimming, while the open arc needs two, 

costing 818.70 per thousand for 12" X r V rods and $8.30 per 

thousand for t>" X T V ' rods; so that one thousand re-trimmings 

cost $23 for the enclosed lamp, against $27 for the open lamp, 

or a saving of $4 per thousand trimmings in favor of the enclosed 
arc lamp. 

Photometric Tests. 

The figures given for the candle power of the lamps when 
nsmg different globes are only approximate on account of the 
f i cidty caused by the great difference in value of the standard 
source of illumination and the arc, the very marked difference 
i the color of the light (the arc being violet around the hori¬ 
zontal plane and white below it, while the incandescent lamp 
gave an orange light even when run above its normal voltage), 
the wandering of the arc, and the personal error in comparing 

36 hgl f s - In makln S comparisons of the intensity of the lights 
we used a pencil photometer, determining the relative values of 

a pencil on li *i , ^ by means of the shadows cast by 

** "r-f, -** 

«.e carbons . J no, 

mum intensity could be shifted all around. Our Z™, f„7die 
different angles mere obtained by taking the mean of »w 1 
read,ngs, taken around the surface of . cone Xse slants the 
same angle as that of the given angle. These mean values were 
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then plotted, and from the area of the resulting curve the value 
of the radius of a circle of equal area is calculated. This radius 
gives the value of the mean hemispherical, or spherical candle- 
power, as the case may be. 

By means of a standard candle (British, having a 45 millimetre 
flame) an incandescent lamp was calibrated at a constant voltage, 
obtained by the use of several resistance boxes in parallel and 
all in series with the lamp. This lamp was recalibrated at fre¬ 
quent intervals. 

The inner globes furnished by the different manufacturers 
vary in density, from a globe that will show the unlit carbons 
inside very plainly, to a form that is so dense as to be translu¬ 
cent, but not transparent. This latter form diffuses the light 



Fig. 9.—Shadows of Side Rod and Fig. 10.—Opal Inner Globe, used 
Carbon Tip from use of Clear for making Outer Globe free 

Inner Globe. from Shadows. 

better than a thinner globe, although cutting off more light. 
All the opal globes, when held up to a window, show a reddish 
orange color, which has the effect of softening the violet light 
cast by the naked arc. The use of a fairly dense opal inner 
globe and a light outer globe gives a soft light that is pleasing to 
the eye and free from shadows. Figs. 9 and 10, which are repro¬ 
ductions from photographs, show the shadow cast when a clear 
inner globe is used, and the softening effect of an opal inner 
globe, which makes a light entirely free from shadows, not even 
the side rods showing. When an opal globe is used, it appears 
like a solid source of light. It is this effect that does away with 
the shadows of the side rods. The shadow cast by the bottom 
of the lamp is also made very small, so that the effect to the eye 
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is that of a bright, even illumination, apparently as much as the 
illumination from the naked arc, although the intensity has been 
cut down considerably by the globes. This is due to the fact 
that a light very intense in one spot seems to give no more illu¬ 
mination than a diffused light of smaller total value. 

The distribution given by an open arc lamp is not the same as 
that from an enclosed arc lamp. The maximum in the latter is 
at an angle of 2f> degrees below the horizontal instead of fo 
degrees. The intensity, after decreasing, reaches another high 
value at 40 degrees, but not quite as great as at 25 degrees. We can 



give no explanation of the peculiar form of the curve obtained 
with clear glass, except that it is due to the globe, as a naked arc 
wou d seem to have no cause for the uneven curve as shown. 

le same general variation is shown in a test on the Manhattan 
lamp by Houston and Kennedy (Fig. 11). 

The comparative distribution of light in both forms of arc is 

shown by. Table X. The Wes riven for u* 

, * ; Tr , _ uguitb given Tor the open are are 

those ot Wybauw, Palaz “ Industrial Photometry ” p 2;lt> 

These are comparative, not absolute values. It will be seen 

* , ' e , encl08ed are S lves a wide zone of illumination that is 
not tar from the maximum. 
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TABLE X. 


ANGLE BELOW 

HORIZONTAL. 

0. 

ENCLOSED 

ARC. 

. 132 

OPEN 

ARC. 

208 

401 

612 

10. 


20 . 


25 . 


80... 

. 900 

S71 

1000 

807 

457 

188 

40. 

. 990 

50. 

. 838 

60. 

. 548 

70. 




TABLE XI. 
Clear Inner Globe. 


ANGLE FROM HORIZONTAL. CANDLE POWER. 

20 above. 89 

10 above. 82 

0. 189 

10 below. 501 

20 below. 980 

25 below. 1397 

30 below . 1300 

40 below. 1355 

50 below. 1060 

60 below. 674 

70 below. 414 

Mean hemi-spherieal. 850 
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The actual values with a clear inner globe, obtained by us, are 
shown in Table XL Replacing the clear globe with an opal 
one, we obtained the values given in Table XII. All of these 
results are shown graphically in Fig. 12. 


TABLE XII. 


Opal Inner Globe. 

ANGLE FROM HORIZONTAL. 

20 above. 

10 above. 

o.;.;;;;;;;;;;;;; 

10 below. 

20 below. 

30 below. *" * * 

40 below. *[*'*' 

50 below.... ; . 

60 below... 

70 below. * * * * * * 

Mean hemi-spherieal.* * * * 


CANDLE POWER 

.... 152 

... 184 

... 347 

... 455 

735 
... 985 

... 1050 

... 969 

855 
... 734 

770 


With opal globes, the angle of maximum illumination is at 40 

degrees, the same as in the open arc, and the reading for 25 

degrees is between the values for 20 and 30 degrees. This 

particular opal globe cut off at least 10$ more light than the 
clear globe. 


Light Cut Off by Outer Globe. 

The amount of light cut off by the outer globe varies for dif- 
erent globes, and even for the same globe, according to the angle 
the actual figures found being from 34$ to 40$ for the same 

go be, me highest value observed for any globe being 50$. This 
effect is shown by Table XIII. 


Angle below horizontal. 


o 

20 

4 o 

60 


Mean hemi-spherical 


TABLE XIII. 


Candle Power. 
Opal inner globe. 


184 

844 

mo 

327 

652 


Candle Power. 

Opal inner and outer globe. 


123 

442 

568 

180 

380 


R G-jLOBE. 

Thu IB a globe of dear glass, made with vertical grooves 

EWoT! grooves outside. It is from the design of 

ondel and theoretically each groove has a different outline 
through its section .' The object is to get as near a perfect diif“! 

A”™™Jffaj!;“»«»!»" w „ u 
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sion without loss from absorption as possible. Practically, the 
globe is made in several zones having the same form of groove 
throughout a given zone, but different in the next one. The 
most noticeable change we observed from its use, was in the hori¬ 
zontal diffusion. For a given angle, the readings in different 
directions around the lamp were very nearly alike, whereas in 
the ordinary globe these readings were sometimes in as high a 
ratio as 1 to 3. 



Fig. 18.—Curves for Table XIV. 


TABLE XIV. 


Angle below horizontal. 

Candle Power. 
Clear inner globe. 

Candle Power. 
Clear globe and 
holophane. 

Candle Power. 

Opal globe and 
holophane. 

o 

171 

9 6 

*37 

IO 

380 

335 

252 

20 

974 

496 

f 39 

2$ 

1289 

783 

820 

3 o 

i*73 

1043 

95° 

40 

1278 

1255 

1116 

So 

1081 

J05C 

9*5 

60 

707 

852 

707 

70 

6oo 

629 

604 

Mean hemi-spherical.... 

854 

776 

700 
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The effect of the holophane globe on the distribution is shown 
by Table XIV and Fig. 13. 

The holophane globe, therefore, reduces the light through a 
clear globe only 9.2^. This seems very small, but a test given 
in the Electrical World , Nov. 10, 1894 (Digest), gives two 
values, 13% and 9%. 

The appearance of the globe to the eye is different from the 
opal globe; it has a whiter looking light, and appears darker in 
portions, whereas the opal globe appears of even brightness. A 
comparison of Figs. 14 and 15 with Figs. 9 and 10 shows this. 
Eeally, none of the globes are exactly of the same brightness all 
over, as, in the development of the negative, only a, portion 
appeared at first, and not the whole area at once. 



Fro. 14. 


Fig 15. 


Ihe combination of opal and holophane globes given above 
reduces the mean hemispherical candle-power 18.1 % from that 
given through a clear globe. 

Briefly stated, we find: 

For two clear glass globes, allowing o% to absorption for 

the outer one, the watts per candle are about 0.5, and the can¬ 
dles per watt 1.9; 

"W ith opal inner and clear outer, watts per candle 0.5(1 to 0 fio 

and candles per watt 1.7 to 1.5 ; ’ ’ 

With both inner and outer opal, watts per candle 0.9 to 1 and 
candles per watt 1.1 to 1. ’ 

Also the efficiency from the use of the holophane globe was 
ut httle less than with the ordinary clear outer .globe, some of 
the latter not appearing to be of good quality. 
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Light Cut Off by Deposit on Inner Globe. 

The advantage of long life, obtained by the use of larger 
diameter or greater length of carbon, is reduced by the fact that 
the deposit formed on the inner globe cuts off considerable light. 
In the early part of the run, this is not objectionable; but it 
would seem advisable not to have a run of over 130 to 140 
hours. The deposits all varied in density in the same general 
ratio, the thickest being at the top, and the bottom being slightly 
heavier than the middle. The coating was analyzed, and found 
to contain ferric oxide at the top, carbon dust at the bottom, and 
silica all over. In some cases it was impossible to clean the 
globe properly without the use of water. (We are informed 
that the New York Edison Illuminating Company requires its 



Fig. 16. 

trimmers to carry extra globes witli them, so that if any are still 
hot, the use of a wet cloth is not required until they can be 
cooled, the extra globe being-substituted.) 

The two globes shown in Fig. Id show a deposit in the case of 
No. 1, that came from the brass cap, fused into the glass, so that 
water would not remove it; in the case of No. 2, it is a deposit 
of carbon, also fused into the glass. The carbon rod liad burned 
to an angle of nearly 45 degrees, and tbe particles were pro¬ 
jected right along this line. 

The amount of light cut off by deposits on inner globe is 
shown by Table XV. As tbe arc is low down in tbe globe at 
the end of tbe run, the deposit at top has little effect. The 
middle and bottom are tbe important parts. 
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TAPLE XV. 

TEST * TOP OF GLOBE. MIDDLE. BOTTOM. 

?. 30# 20# 20 5# 

° . 48# 18# - 

c . 60# 14# 16# 

Insulation of Lamp. 

The tests made were with the tail-piece as one terminal, and 
the other parts of the lamp in turn as the other, the terminals of 
the lamp itself being included; also, between the shell and the 

lamp terminals. Only lamps Isos. 4, 5 and 7 were completely 
insulated. 

Conclusion. 

To sum up, we find these advantages of the enclosed arc lamp 
over the open: 

Long life, and consequent saving of carbon, trimming expenses 
and annoyance from frequent renewals ; 

Pleasant light, free from hissing and spluttering, and witli 
very little flickering; 

Absence from flying dust and sparks, and fireproof qualities 
k Q g from the use of two globes ; 

Being run on the incandescent circuit, there is no danger from 
high potentials, and no need of an automatic cut-out; 

Simplicity of mechanism, and, consequently, loss need of 
repairs. 
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Discussion. 

The Peksident :— 1 would like to ask Dr. Kennedy, who ob¬ 
tained results similar to these, if he has any explanation for them 
—that the distribution of the light of an enclosed arc lamp has 
the general form represented in Fig. 11. 

Dr. Kennelly :—In regard to the peculiar wing-shaped curve 
of luminous intensity, when we made the measurements to which 
the President has just referred, we noticed, of course, that ab¬ 
normal upper development, which is absent, I believe, in the case of 
the naked arc, and we assumed at the time that it was due 
to light reflected from the inner globe upwards to a zone above 
the positive carbon. In other words, had the inner globe not 
been there, the entire prominence would have been about 45-de¬ 
grees below the horizontal plane through the arc; but with the 
globe in place, many of the rays so transmitted were thrown 
back again by reflection to an upper zone. 

Prof. Owens :—I would like to ask if the shape of that curve 
is altered by the peculiar form of the small enclosed globe % 

The President: —I might answer both the statements by say¬ 
ing that it was suspected that the light reflected from the inner 
globe was the cause of that peculiar distribution, but it was not 
possible to prove that fact, and the test made with different forms 
of globe, I believe, did not add anything to the knowledge. Un¬ 
doubtedly that must be the cause ; there would seem to be no 
other, and possibly changing the form of the inner globe con¬ 
siderably, would prove this to be the cause: but no conclusive 
test has been made, so far as I know. 

Mr. L. B. Marks: —I have no doubt that the form of the 
small globe influences the shape of the curve. By using a globe 
that lias a very marked curvature, instead of a long flat globe, 
you get a different candle-power curve; that kink in the 
curve is not very common in globes that vary in form 
from the usual shape. I presume that the writers of the paper 
did not find much difference in the various curves, because the 
small bulbs which they tested are all very much the same in 
shape. 

I have been very much interested in some parts of this paper, 
and note on page 427 one of the lamps I designed and some tests 
made on it. 1 find that the authors obtained results which are very 
much the same in some cases as those of former experimenters. 
Indeed the work of Thomson, and Blondel, and Nichols, and 
some of my own researches seem to have brought out most of the 
general results that are given in this paper. I have not had 
time to examine it very carefully, but I think perhaps a few 
statements in regards to some of the matters that are presented 
may be of interest. 

On page 430 we have a curve for the relation between 
voltage across the arc and length of arc. While it is true 
that this curve is of some value in representing the ratio 
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alluded to, still I hardly think that it would be safe to 
use a curve of this kind as a basis for any important measure¬ 
ments, because it seems to me that that curve is really one ex¬ 
pression of the ratio between the voltage and length of arc of this 
particular lamp. This ratio varies very greatly in different lamps 
and in fact even in the same lamp. If you take two cored 
carbons for instance, you will find that the ratio varies. You will 
a so and that a figure such as eighty-three volts corresponding to 
T e ength of .U23 of an inch, as given in Tables VI., may not apply. 

may be J> or 25 per cent. off. Again the ratio will naturally 
depend on the position of the arc in the bulb. The authors do 
no give the conditions under which this particular test was 
made, and without these conditions the tests lose much of their 
va ue. If the arc. for instance, is. at the top . of the 
bulb, the ratio will be quite different from what it ' would 
be if the arc were at the bottom of the bulb. The ratio natur¬ 
ally varies with the amount of air that enters the bulb We 
w ? S rhl n ?’ * or “stance, that in this lamp which the authors 

ton T1 T i- 18 air ' tl ?] 1 ! at .^ ie time, and the arc is near the 
T- len take a condition in which there is a small amount 

nremme'fnT^ the ., )0fctom ’ as . tliere is hi some of these lamps I 
L d ’ . , d '''hi assume that the arc instead of being placed 
at the top is placed near the bottom,—I will venture to s*iv flint- 

«« "I!' " £ perh«p” 30 to „% ferYnt 

fa i» faeayrements thus obtained and in tlte values given 

that it f tf a + de y u,te » number of tests and 1 find 

come near tniiV ldlcu t *° §' lve au .Y particular curve that will 
come neai truly representing this ratio. 

reauires 1 ^ 1 !;^^ 11 *4 Ja “ ps 18 a matter whicL of course 

taintv 6 Thl f ti deal , 0t time to ascertain wit h absolute eer- 

apnlLtlv to ™?° rS t0a ^ reat deal of trouble, 

haS lhin u & a® lam P s ? and I am glad to find they 

months instead oft A te f ts wblcb eover a period of 
T) ol “ 0t - a penod ot weeks ’ as is often done. 

have not JoneTXv^f n g P ° int , in the paper whieh the authors 
points ixF commoHn " ,, P erka P s one of the most interesting 

JolfaU at which m “ T*. the encI< f ed arc, and that is the 
as compared withM! n d ? n be Safe1 ^ and steadily run 

dn tS , ‘ltoe faf 1 ,°. ‘ 10 ”“ M * -M* »* » arc 

readbyhfm‘»^“euLf faf, "'I? f * P*P® 

AssooiittonatNlMmSrSh- ti, 1‘ Electric Light 

what different fh^m s M n T ontl1 * Tiieir results are however some- 

Thomson and those r “? lts *><Professor 

find these are different aTdT™' 8 “ ade “ 7™ 

Dr Nichol’s cmm! f ’ and some recent measurements of one of 

five or six se f § at ° 0nie11 are also Afferent. We have 

of measurements none of which coincide. It 
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Would seem to me that it would be extremely valuable for some 
one to take up that particular part of the table and enlarge upon 
it. I have no doubt, that a thorough study of this one point 
Would bring out a very valuable series of figures of which, at the 
present time we have no exact knowledge at least as far as pub¬ 
lished data are concerned. I may say with regard to the remarks 
made by the authors of the paper,'that while they claim that 
an arc cannot be run steadily below a certain voltage of the 
mains, which I believe they figure here about ninety-five or so, 
that this is hardly true, and will depend on conditions. I presume 
they took the commercial lamps in the market: they used the 
ordinary bulb, and so on; but if you vary these conditions, 
that is,” change the diameter of your carbon and the amount of 
current, change the size and perhaps the shape of the bulb and the 
position of the arc in the bull), and the nature of the gas check 
i tig devices and the quality of the carbon, etc. you will find probably 
that an arc may be run at a voltage which is very close to that of 
the mains under some conditions; so that the broad statement that 
an arc run on mains that are below ninety-five volts is unsteady, 
would hardly he true; it would depend on conditions,and although 
the authors, to be sure, coniine their measurements to certain 
commercial lamps, still it is rather misleading to read their state¬ 
ment which apparently refers to all lamps of this type. Then 
again as the voltage of the mains goes down, it is advisable in 
order to run an enclosed arc steadily, to operate at slightly lower 
voltage of the arc. Now the authors have adhered to sev¬ 
enty-eight volts at the arc. They cut out resistance and they 
lower the voltage of the mains, yet they keep the figure seventy- 
eight volts at the arc. Under those conditions it was quite 
natural that the arc should be unsteady at a lower voltage of the 
mains, and I think that if they had reduced the voltage of 
tfhe arc when they reduced the voltage of the mains they 
would have gotten entirely different results. So that the figures 
liere apply to a very narrow set of conditions. 

I will not touch on the mechanical points they refer to, 
although naturally a great deal might be said. I shall, try to 
confine myself as closely as possible to purely technical points. 

On page 4:35 at the lower part of the page, paragraph 3, the 
authors say: 

“ The size of the enclosing globe affects the life, it, being less 
1<: by a slight amount for a smaller globe. All the other condi- 
c ‘ tions being the same, a lamp having a smaller globe will, during a 
“ given run, have its globe replenished with air from the out- 
c ‘ side oftener than if it had a, larger globe.” 

I think that that statement is open to question. Anybody who 
lias experimented with various sizes of enclosing bulbs will have 
found that there is quite a marked difference in favor of the 
smaller bulb; that is, with a smaller bulb, under ordinary con¬ 
ditions, the life per inch of carbon is greater. True enough, 
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we do not get the total life of 100 or 150 hours, because there is 
not sufficient carbon ; but the life per inch of carbon consumed 
is ordinarily greater, in some cases considerably greater, with the 
smaller bulb. Naturally in changing the size of the bulb, in 
order to get the best results, it is necessary to change other con¬ 
ditions—to change the gas checking effects for instance whatever 
they may be. But I believe that generally speaking, the life of a 
carbon is increased, or the consumption of carbon per unit time 
is decreased with decrease in the size of the enclosing bulb. 

On page 430 we have different forms of gas caps. The gas cap 
is quite well known now. A. few years ago I gave it the name of 
14 gas check.” All these forms of gas caps are the same in principle. 
They consist simply of some chamber device for holding part of 
the gas formed by the action of the arc, and in that way acting 
as a check against the ingress of air and egresss of gas. 

On page 437 there is a very interesting point which JDr. Crocker 
alluded to, I believe, as miraculous or important. 

The President :—Only peculiar. 

Mr. Marks:— Well 1 admit that at first sight it does appear 
very peculiar. But the explanation of it seems to be quite sim- 
ple ; Lu most lamps, as is stated in the paper, the relative life of the 
positive and negative carbons respectively changes as the arc 
descends in the bulb. Now here is an apparent exception to the 
rule. The average ratio is about 1 to or 3, I believe. My own 
measurements are a little different from that—perhaps 1 to 4; but 
they find a case 1 to 10 given on Table 9, page 439. That would 
be accounted for in several ways. If the voltage of the arc 
decreases, the ratio naturally increases, and at a certain volt¬ 
age of the arc and a certain current, it is possible to in¬ 
crease the ratio so greatly as to approach infinity. That is 
instead of having a ratio of 1 to 2 or 3, or 1 to lo, you may o*o 
up to 1 to 20 or 1 to 50, or more, depending on the voltage of the 
arc and the current passing at the time. 

Kegarding the photometric tests, I think we have spent a 
great deal of time in photometric measurements, and it seems to 
me that to a certain extent it is time wasted. With the enclosed 
arc, the character of the light, that is, the quality of the light is 
quite different from that of the standard adopted in order 
to make the measurements comparable with others, and I think in 
some cases the relative measurements of candle power would be 
meaningless. The authors state very truly that the candle power 
measurements are not to be relied upon, and they oive their 
leasons. They refer to. the difference in value between the 
standard source of illumination and the arc, and the very marked 
difference m the color of the light, and point out that the incandes¬ 
cent lamp gives an orange light even when run at its normal 
voltage. They also refer to the personal error in comparing the 
lamps. I think perhaps more importance should be attached 
to this last point than is given here. Different experimenters 
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will get quite different results. In Ithaca we made measure¬ 
ments of the enclosed ares, and we had ten w r atchers, and there 
was a difference of over 50 per cent in the maximum and mini¬ 
mum readings taken at the same angle. Of course this difference 
is enhanced by the “wandering 55 of the arc. I am glad to see tests 
given on the holopliane globe. I think this is the first time that any 
measurements have been given of the relative value of the light 
with and without such a globe, that is with the enclosed arc lamp. 

I know that when this question was asked me abroad by Prof. 
Blondel I had to admit that we had not made any tests in this 
country. 

On page 447 referring to the two bulbs, I hardly know how to 
account for the deposition of carbon. In case Ho. 2, it is noted 
that there is a deposition of carbon at the lower end of the bulb 
which the authors state was burned into the bulb. If the lamp 
were operating, as it does normally, it seems to me that this 
deposition should not occur. Ido not know what lamp these bulbs 
belong to. In fact I do not know the key to the paper. But I 
have seen bulbs of this particular kind operate in service, and if 
lam not mistaken there are several thousand of them in New 
York City, and the bulb which I am referring to, certainly does 
not gi ve the trouble alluded to here. We have had practically no 
complaints regarding the burning in of carbon or incrustation of 
carbon in the'lower part of the bulb, and I think that if the 
authors had operated the lamp under different conditions, or per¬ 
haps normal conditions, they would have obtained different results. 
In other words, nothing but an abnormal condition would account 
for the incrustation of carbon. .Regarding the deposition of 
brass or some metal in the upper part of the bulb, that is probably 
due to allowing the arc to play too high in the bulb, probably 
very, close to the gas cap. 

The conclusions drawn by the writers seem to cover almost all 
the ad vantages of the enclosed arc lamp. There is perhaps one 
point of some importance which they have neglected to allude to,, 
and that is the ability to run these lamps singly on an incandes¬ 
cent circuit. They refer to that in the paper, but in summing up 
the advantages of* the enclosed arc over the open arc lamp, they 
have accidentally omitted this point. In many cases, such as 
small stores, it was necessary formerly to run two lamps in series. 
Mow it is possible to furnish a single lamp to meet the demand. 
I have a note here, stating that it is to be regretted that the 
lamps should have been numbered. It would have added very 
greatly to the paper, I think, to have stated the names of the 
lamps, giving us the key to the situation. I know that I for 
one could have discussed the paper impartially and perhaps 
thrown more light on some of the peculiarities which the 
authors found. However, I suppose that it was impossible to do 
this under the circumstances. That is all I have to say regarding 
the paper, except to add that I am very much pleased to see 
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that the authors have gone into the matter so thoroughly even 

if they have not presented many new points they have at least 
chronicled tacts. 

Mr. I tor, loist (1. 8i>auuuno 1 wish to add a word of appre¬ 
ciation to the paper on this subject, which has become of daily im¬ 
portance, and to bring out one or two points that I would like to 

get some more information on. Table No. 8, given on pace 437 

shows a condition of things rather different from what those of ns 
who are principally on the commercial side have thought to he 
the fact. 1 would like to know whether these tests, 7t b c d 
and e, were made on one lamp, (suggesting also the desirability 
ot knowing what lamp it vvas,j or whether the different teste 
wcic on diifeient lamps* also referring to the statements on 
page 489 about the possibility of having a shellac coating on 
the upper carbon rod, and the reference again on page 447 to the 
carbon rods. It may not he out of place to call attention to the 
fact that one of the lamps has no carbon rod, and my own expe¬ 
dience hap been such that 1 feel very strongly inclined to add to 
the requisites of successful enclosed arc lamps on mure 4^9 that 
to, slicinkl have „„ carbon rod. that.' null ~’rl„S 

acknowledging the inadvisability of knowing which lamp was 
used for each test, it might perhaps he fair to know what, carbons 
were used, or if different kinds were used. 

Tnrc PnnsrmoNT As to the first point I think that the tests 
ot life on page 43 < were on different lamps. In regard to the 
carbons, they were the ordinary carbons used by the different 
manufacturers, that is to say, the carbons that were recommended 
to go with the lamp and supplied with it. 

Mr. Marks : Probably “Itlectra” carbons, 

Mr. Spauuhno :—That would bo so in tile case of the Man¬ 
hattan. 

1 Hu, I bkhh>knt:—T am glad that Mr. Marks was able to give 
us the benefit of his long experience in discussing this paper be- 
cause the paper \vas taken up from an entirely' different stand- 
L av V A,)a(>]uto ly disinterested parties simply took lamps as 
they found them, the standard lamps on the*, market, and gave 
them a pretty thorough, and certainly an impartial test, and it 
was not intended to go into the general theory of such lamps— 

• ? •> r(>n j. r i!^ llt say, hut of the engineering problem 

to decide what these different lamps will do, and bv parties who 
were not interested in any way in the different lamps. To give 
the actual names ot the different lamps was not considered ex- 
uJJ n T?'X ]t] rZ h 1<: was R tated that they were representative 
!Sii -i‘ e i ami fr w ?‘.' e inclu<lc<1 ’ hut individualizing was 
An a aiid I think wisely under the circumstances. 

Any considerable variations m conditions were of course impossible, 

t le J TPt SlmpIy takei1 as th& y were t°nnd, and used 
as lecommended by their manufacturers which would seem to be 

is or inarj condition of practice. There is very little information 
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on this subject available, particularly from disinterested parties, and 
it was thought that, the same information that was useful to us 
would be useful to others, and I might add that the investigation 
was originally taken up with the idea of determining for Columbia 
University whether it would use these lamps, and if so, which 


ones. 


Mu. Stkinmetz : — I have been very much interested in this 
paper, and in the discussion by Mr. Marks. There is however 
one point which 1 believe needs some further elucidation, since 
it may lead to mistakes. That is on page 44(>. The light efficiency 
is given there, but it does not state whether the power consumed 
by the arc alone has been considered or the power consumed by 
the whole lamp including the rheostat; furthermore whether 
the lamp was tested when new or after running some time and 
with a deposit formed on the globe. 

The values given there, half a watt per candle, appear at the 
first view abnormally low—far beyond anything reasonable. But 
the explanation is that these are not the spherical candle powers. 
In open arc lamps, it is frequently the custom to measure 
“ hemispherical ” candle powers, considering the light thrown up¬ 
wards as wasted—as may be quite proper—perhaps, where the 
are is used for street lighting. The enclosed arc however finds 
its most useful field in indoor lighting; in competition with the 
incandescent lamp, and in this case the light, which is thrown 
upwards, is not lost, but reflected by the ceiling and to a large 
extent even more useful than the direct light, by giving a diffused 
illumination which is more valuable than direct illumination. 
Consequently it would only be proper to measure the spherical 
candle power, and then with two clear glass globes you would 
get one watt per candle and with one opal and one clear globe, 
1.12 to 1.20 watts, and with two opal globes 1.8 to 2 watts per 
candle, which means in such case an efficiency fairly close to that 
of the incandescent lamp. Hence the enclosed arc lamp takes an 
intermediate position between the open arc and the incandescent 
lamp in its efficiency. The efficiency is lower than that of the 
open lamp and higher than that of the incandescent lamp. It 
shares with the incandescent lamp many valuable features, as the 
longlife, absence of danger from the arc, etc., but it shares the 
other feature that the light decreases with the time, by the 
blackening of the globe. It has however the advantage of the 
incandescent lamp in the latter respect that the quality of light 
does not change; it remains the same light in color, but de¬ 
creases in brightness; while in the incandescent lamp the light 
is yellow and reddish. 

I do not think the conclusions drawn in the paper are quite 
complete, but; they are rather one-sided, only the advantages being 
given. The open arc lamp is undoubtedly a very valuable piece 
of apparatus. But it has disadvantages, too. 

As a conclusion I may then add as disadvantages of the en- 
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closed are lamp—lower efficiency compared with the open arc, 
and decrease of light with the time of running. 

It would be interestingalso to compare it with the incandescent 
lamp, with which it competes in indoor lighting, and we find then, 
that the enclosed arc lamp has over the" incandescent lamp the 
advantage of greater efficiency and constancy of the quality of 
light, but the disadvantage of being a little more complicated in 
its operation and not quite as handy, and besides, not allowing 
such extended subdivision of light, having necessarily larger 
units of light. 

Mr. Charles T. Rittenhouse: —On page 432 the authors bring* 
out the point that a saving of about 13 per cent was obtained 
when using 100 volts compared with 115 volts. Mr. Marks has 
pointed out that it is not necessary under good conditions to use 
any external resistance at all. 

Mr. Marks -No, excuse me. I did not say that. I said the 
voltage might be lower. 

Mr. Rittenhouse:—I understood that the external resistance 
was not absolutely necessary. Granting that external resistance 
is necessary, I should like to know, when two lamps are operated 
in series, whether the gain would be greater than indicated by 
these results. That is to say, would one lamp tend to regulate 

another lamp, or is it necessary to use about the same resistance 
in each of them ? 

Mr. Marks: Do you mean when two lamps are operated in 
series and on a 220 volt circuit ? 

Mr. Rittenhouse : —Yes. 

. Marks. Yes, there is a slight gain there, inasmuch as 
it is possible to operate the lamps at a higher voltage at the arc. 
As the voltage of the mains goes up it is possible to operate 

amps in senes as high as 100 volts across the arc, so that there 
would be a gain in that case. 

Mr. Rittenhouse :—I should like to ask whether it is neces¬ 
sary to have as much external resistance in seides as when one 
amp is used alone, lhat is to say, would the resistance in series 
of the two lamps be double that used in the one lamp. 

Mr. Marks: —No ; that would not follow. 


Closing Session. Wednesday, July 28th. 

The President. We have assembled this afternoon in 
special session to read one paper from this morning’s list, and 
the one assigned for this evening in order to avoid the necessity 
of holding an evening session. The paper to be considered now 
is on Aimature Reactions in a Rotary Transformer”, bv Pro¬ 
fessor Robert B. Owens, of Lincoln, Nebraska. 
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armature REACTIONS in a rotary converter, 


BY ROBBfiT n. OWKNS, l>. W. IIAWKSWOKTI1 ANI) II. W. DOUBKAVA. 


It was primarily desired to obtain curves showing the in¬ 
stantaneous distribution of induction over the pole faces of a 
rotary converter for different, armature positions and conditions 
of loading. 

In general the method employed to effect this, consisted in 
measuring the instantaneous electromotive forces under different 
conditions, generated in a series of small e<jual evenly spaced 
coils of line wire wound over the armature surface. The electro¬ 
motive forces in these (‘.oils in any position were of course pro¬ 
portional to the induction density in that part of pole opposite coil. 

The machine experimented upon is of the well known conse¬ 
quent pole type, made by the old United States company. Its 
output is 31 k. w. at 110 volts, normal speed 2,400 r. p. m. 

Eig. 1 , shows two views of machine. At the commutator end 
are seen three slip rings, connected to commutator, also the con¬ 
tact-maker at the end of shaft. At the pulley end are two contact 
rings to which the several test coils may in turn be connected. 


The armature is drum wound with smooth core. The commuta¬ 


tor lias 54 segments. 


The machine, originally designed for a continuous current 
generator, was changed as shown into a 3-phase converter by 
placing slip rings on the armature shaft and connecting segments 
1, 19 and 37 of the commutator respectively to rings 1, 2 and 
3. No suitable 3-phase generator being available, it was used 
only to convert continuous into 3-phase currents. The applied 
voltage at the brushes was kept exactly at 110 volts, the energy 
being supplied by a 15 k, w. Edison generator. 
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0 is a screw with insulated head by which the wedges are fore 
into a wedge shaped slot in the 'rim and held firmly in pi a, 
T.he metallic strip n is connected to the contact rum k. T 
glass wedges and strip are ground even with the rim of the ca 
iron ring. The contact brush which consists of two thin st< 
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instantaneous electromotive forces were measured by the usual 
zero method using telephone. 

ilie particular contact maker used may, however, he described 
An iron ring was cast in the form indicated in Fig. o, ilri( j at ’ 
tached to a hard rubber disk about 4" thick: a 1'are glass 
wedges and n is a thin steel clock spring placed between them- 
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watch spring* coming in contact only with polished metal and 
glass surfaces wears well, and the contact is always clean and 
good. No difficulty whatever was experienced in reading electro¬ 
motive forces to less than of a volt. 

Since the object desired was to show the instantaneous in- 

B 

-A. / -A. 



FIG. Z 

duct,ion distribution over the pole faces, and the variation in 
induction density at particular points on the polar surface as the 
armature and armature currents varied in position and value, 
the ordinary single or two-brush method of exploring com¬ 
mutator potentials for continuous current machines would evi¬ 
dently he useless. First a single (roil of line wire was wound 
lengthwise around the armature and the ends connected to the 
contact rings at pulley end of machine. Fig. 3 represents the 
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FIG.6 


relative position of coil and three limbs of swxmdary circuit of 
converter; a it in the fine wire coil wound through the point 
where one contact ring is tapped; i-n, ir-in and ni-i represent 
the three limbs of the secondary circuit. 

The machine was first run as a motor with no load and curve 
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Plate 1 obtained. This shows the induction distribution to be 
quite uniform over polar surface but slightly shifted in opposite 
direction to rotation. This would naturally be expected as the 
armature reactions with so small an armature current would be 
but slight. 
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The machine was again run under steady load as a motor up 
to about its full capacity, the armature taking 32.6 amperes. In 

ofWrS f 6 CUrVe sWs a ver y decided distortion 

of the field as indicated by curve, Plate 2. Eoth of these curves 
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are exactly like what would have been obtained by the ordinary 
two brush method of exploring commutator. 

The machine was next run as a converter, the three limbs 
being equally loaded with incandescent lamps. The armature 
took 39.45 amperes. Although in this case the armature cur¬ 
rent is much larger than when the machine was operated as a 
motor, no shifting of the brushes was necessary to avoid spark- 



PLATE 5 


ing as was before the case, showing the small reactions in a ro¬ 
tary converter. Curve Plate 3 is the exploration curve from the 
same test coil for this case, and curve Plate 4 is the exploration 
curve from test coil when equal inductive loads were put on the 
three limbs, the armature taking 11.7 amperes. The last two 
curves must not be confused with curves which show the in- 
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stantaneous distribution of induction for particular armature 
positions and loads. They merely show the induction at a fixed 
angular position from the loaded legs as the armature assumes 
different angular positions. From a series of such exploration 
curves the instantaneous induction distribution can, however, 



PLATE 6 


be easily obtained as follows: First, we will consider the case of 
a single limb loaded. It will be seen by an inspection of Fig. 4 
that placing test coils 10 degrees apart at points 1, 2, 3, 4, 
and 6 and takixig readings from each separate coil with limbs 
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u and m-i loaded separately, is the name as having but 
l> loaded, and coils placed 10 degrees apart entirely around 
i Jit Tire, the three armature windings being known to be 
identical. When the limb r-m is loaded, test coil 1 will 
e induction 00 degrees behind the centre of loaded limb 
i<> degrees, coil H, 40 degrees and so on to coil 6. When 
hi is loaded, the curve from coil 1 shows the variation of 
>n at the centre of the loaded limb, coil 2 shows the 
n of induction 10 degrees in advance of the centre and 
[> to coil 0- When limb i-m is loaded, test coil 1 gives 
ation of induction 120 degrees behind the centre of the 
limb, test coil 2,' 110degrees behind and so on up to coil 6. 
■e obtained a series of eighteen curves, showing the instan- 
induetion for every 10 degrees from 120 degrees behind 
tre of the loaded limb to 50 degrees in advance of the 
is the armature rotates. The eighteen curves numbered i 
i, are shown on Plate ft. The origin of each curve is 
20 degrees to the right and volts below that of the 
i»*g curve for clearness. 

i these exploration curves the instantaneous induction 
it ion for particular positions of the armature is easily 
Suppose that the centre of the loaded limb is on the line 
nutation, which in all cases is 15 degrees from the point. 
r between the pole tips, as shown by line a is in Fig. ft, 
.t the distribution was desired for the limb in this position, 
e of commutation is taken as reference line. It will be 
reference to Fig. 4 that taking the zero point of curve 
« the induction at the point where the centre of the loaded 
at jiero degrees ; then if the reading is taken at 10 degrees 
e v m, the amount of induction for 10 degrees in advance 
centre of the limb, in same position, is obtained. The 
m for 10 degrees further will be represented by the read- 
20 degrees on curve ix and so on. 

series of readings for curves, Plate 6, were obtained in this 
, and show the instantaneous distribution of induction 
e pole faces with one limb loaded in different angular po- 

►urtse, the same curves might have been obtained directly, 
miring successively the electromotive force in each of a 
f test coils evenly spaced for one particular position of the 
linab or armature, hut the above indirect method is easier 
puliation. 
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curves, Plate 5. Suppose it is desired to draw a curve represent¬ 
ing the variation of induction at 140 degrees from the zero point. 
Connect the points where a vertical through the 140 degree point 
of each curve intersects the curve. The new curve so found, 
when compared with the right line a n, drawn through points 
representing 140 degrees and 12 volts for each curve, shows the 
variation above or below the induction corresponding to 12 volts. 



Taking points from 30 degrees to 150 degrees, inclusive, and 
changing the axes, gives the series of curves, Plate 7. It willjbe 
noted, that the variation of induction at some points is greater 
than at others, and that the waves of variation differ in phase as 
of course would he expected. Connecting the points where 
these curves cross the 12-volt line shows the variation of induc¬ 
tion at successive points in time and amount very nicely. 
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The exploration curves, Plate 8, were taken with all three 
limbs equally loaded with incandescent lamps. When one limb 
is loaded, any particular distribution of induction occurs twice in 
every revolution of the armature, but with three limbs loaded, 
this happens six times per revolution. In Plate 8, curve vi is 
exactly similar to curve i, and referring to Fig. 6, it, will be seen 
that the distribution of currents in the armature will be the 
same when a b and c are either at n or i>. The curves showing 
instantaneous distribution of induction with armature position 



can be obtained from the exploration curves in Plate 8 in the 

same way that curves, Plate fi, were obtained from curves,. 
Plate 5. 

The shape of the electromotive force curves taken from a 
rotary converter depends on the induction distribution. If the 
lines of force through the poles, air gap, and armature were uni¬ 
form and parallel, the electromotive force in each turn of wire 
on the armature would be sinusoidal, and the electromotive force 
as measured between any leg being the sum of sine waves would 
also be sinusoidal, but the electromotive force curve we actually 
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get is the sum of a series of electromotive force curves similar 
to curves Plate 5, differing in phase by the conductor angle. On 
Plate 9 are shown electromotive force curves between legs for 
different loads. Curve i is for full load, curve u for half load 
and curve hi for no load. Curve iv is a sine wave whose jr. m. s. 
value is 67.4 volts. Plate 10 shows the efficiency curves for the 
machine as a motor and as a converter. If the load on the 
machine as a converter had been increased until the losses 
equalled the losses of the motor at full load, then the ratio of the 
two outputs would be the relative capacities of the same machine 
working in the two ways. It is regretted that limited time pre¬ 
vented a more complete experimental study of this machine, but; 
it is hoped that some of the results are not without interest. 
A detailed study of a more modern machine will be reported 
later. 

Of course the results as found, agree with what might have 
been anticipated and are probably not new to the engineers of 
some of our manufacturing concerns, but as the experiments of 
a company’s engineers form part of the company assets, they do 
not always find their wav into engineering literature. 
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Discdssion. 

Tub President : — The paper gives the result of interesting 
experiments on this type of machine which is now coming into- 
quite general use. It has some peculiar properties. One point 
that I think is interesting is the fact that the converter efficiency 
coincides with the motor efficiency, but is slightly greater at 
nearly full load. _ It would seem to me that it ought to be even 
higher than it is in respect to the motor efficiency. 

Prof. Owens : — The converter was not worked to its full ca¬ 
pacity. The machine was only loaded to the capacity as a motor 
but not as a converter. 

The President : — If carried further, the converter efficiency 
would have arisen considerably above that of the motor. 

Prof. Goi/dsbo rough I have found in looking at Plate 6 of 
Prof. Owens’ paper a most interesting set of curves. To me the 
problem of the rotary converter is a very attractive one, and this 
set of curves presents a great deal that is of interest, in view of 
the fact that it gives us the first series of curves ever published 
showing the variation of the distribution of the flux over the 
air-gap of an alternator for various instantaneous values of the 
armature current. 1 

These curves illustrate very nicely the character of the arma¬ 
ture reaction which takes place, and I think also give an insight to 
certain of the current reactions which take place in the armature 
conductors, and which I do not believe are mentioned in the paper. 
In a direct current motor-generator of similar character, that is in 
a machine having a double armature winding, and which, we 
will say, transforms current from 100 to 200 volts, the currents 
of the motor part flow in an opposite direction to the currents of 
the generator part of the machine. That is, providing the ma¬ 
chine is of 100 per cent, efficiency, and that the resistancB of the 
receiver circuit is negligible, the armature reaction of the motor 
part will be entirely annulled by that of the generator part, and 
there will be no distortion of the air-gap fiehTdue to the currents 
flowing in the armature. Now, as there is but one winding on 
the armature of a rotary converter, the alternating currents flow 
in the same winding, but in an opposite direction to the direct 
currents, and therefore the current density in the conductors of 
the armature must vary considerably from time to time. To 
indicate possibly a little more clearly'the point which I wish to 
make, I will draw a figure here on tlie board. (Fig. 7.) Suppose 
we consider for a moment a rotary converter, which has an effi¬ 
ciency of from 60 to 65 per cent. This is a low efficiency for a 
rotary converter, but such a machine would produce an alterna¬ 
ting current in the receiver circuit having a maximum value equal 
approximately to the value of the direct current supplied the ma- 

1. In the spring of 1895 two of my students, Messrs. Crane and Reeves, made 
a determination of a similar set of curves, taking them from a six-polo single 
phase rotary converter. 
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chine. In other words, if (jst) represents one pole of a bipolar 
machine, (s), the other, and o. t., its Gramme ring 1 armature, we 
can take a base line a, to represent the zero line of current, and 
•another line b., to represent the value of the direct current 
flowing into the armature at -f— Then, supposing that we have 
simply a single phase secondary alternating current, which we can 
obtain from the bipolar, direct current armature if it is tapped at 
two diametrically opposite points .1, 7, we can let the curve o 
represent the instantaneous value of this current, and it will flow 
from the collector brush -f-. Now, with this machine, if { mis- 





K.cep the poles and curves stationary and move the conductors ; 
then the current in any conductor in any position is determined 
by projecting it upon its current intensity curve of.* Part The 
dots and crosses on the conductors show direction of direct current. 


take not, witli the brushes ~j~ and — resting on the commutator 
m as shown, when the alternating current rises to a maximum,’ 
which it does with the armature in the given position, the alter¬ 
nating cm rent will be automatically drawn straight through from 
the direct current, and therefore at this instant of time there will 
be absolutely no current flowing through the conductors on the 
armature or the machine. This represents a particular case and 
one which we could only have when we should design a machine 
with relatively low commercial efficiency. It could be brought 
about by increasing the iron losses to a considerable extent, or by 
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loading it mechanically by means of a pulley and belt, so that 
the electrical output of the machine would be low relatively to 
the input. Now the curves of Plate <5 ,1 think, bear out this condi¬ 
tion, in a somewhat more complex case ; in one in fact in which the 
efficiency of the machine is somewhat higher than in the machine 
which 1 have assumed. To look at the matter however a little 
more closely before going on, I will consider that we have in Fi» 7 
a section of the armature of the machine. We have here we will 
say, a conductor 7, which connects with the com mutator’segment 
right under the + brush. To right and left, of this we 5 have 
conductors in this way, each one of which is'connected with a 
commutator bar, and wound around the Gramme ring. We will 
consider that currents flowing toward us in the conductors on the 
upper surface are positive currents. Below the Gramme ring 
we can draw the collector rings from which the alternating cur¬ 
rent is taken, and suppose, for instance, that I connect the upper 
alternating current collector ring to bar 7 of the armature by a 
wire, and the lower one to bar 1 . Rotation maybe considered 
in the direction of the arrow, for instance. Suppose we desig¬ 
nate the conductor which is on the right side of the bar 7 that 
is connected to the collector ring, by the figure 8 , and the con¬ 
ductor on the left side by the figure 6 . The alternating cur¬ 
rent, which we have represented by the sinusoidal curve c 
will have the same intensity in both conductor 8 , and con¬ 
ductor 6 , and we may consider now the combination of the alter¬ 
nating and the direct currents in the armature and the actual 
value of current intensity which results in the conductors at 
successive intervals of time. When conductor 8 is over on the 
left side of the centre line, for instance anywhere between posi¬ 
tion 1 and 7 , it will carry a current which is equal to the 
value of the curve is, plus the ordinate of the curve n, corres¬ 
ponding to the assumed position of conductor 8 , or to the ordinate 
of the curve k This means that if we start from conductor 5, 
since at this point the alternating current in conductor 8 is zero’ 
the value of the alternating current will rise up above the straight 
linen, until it reaches the central position at -j- in the centre; 
then suddenly, when the maximum value of the alternating cur¬ 
rent is the same as the direct current in the armature, the current 
will entirely disappear from all the armature conductors. It will 
begin to rise again in conductor 8 , but in a negative direction as 
soon as conductor 8 passes under the —j— brusb. Ourve 1 - yJ is 
then a curve which shows the instantaneous values of the cur¬ 
rents in conductor 8 . Of course, in the case of conductor ft an 
entirely different curve is required to represent the variations of 
the current in this conductor owing to its different position rela¬ 
tively^ conductor 7. Now conductor <> will have a current 
intensity curve which is entirely analogous to curve u e' except 
that it is reversed in position as shown in Fig. 7, Part 3 . The 
current intensity curves of all the other conductors are also con- 
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sidered separately in Part 3. The curves show to some extent 
the character of the current changes and the current intensity 
modifications which take place in the conductors on the surface 
of the armature. 

Now referring to the curves of Plate 6, I think we can trace 
some of the points which I have mentioned in connection with 
this hypothetical machine very readily. For instance if you will 
note the position of curve 1 of Plate 6 you see that it is a curve 
which is high on the right hand side, and you will notice further 
that the curve 1 has a greater altitude on the right side than tho 
other curves. It indicates therefore that at that instant of time the 
alternating current in the coils of the armature was zero and that 
therefore the distribution of the magnetism over the face of the 
air-gap is the same as that represented, or analogous to that repre¬ 
sented in Plate 2, which shows the distribution of flux over the 
air-gap when the alternating current is zero; that is Plate 2 rep¬ 
resents an exploration curve taken when there was no excitation 
at all of the alternating current circuit. In other words it repre¬ 
sents a loaded exploration curve of the machine, time being 
counted'from left to right. It is analogous to curve I of Plate 6, 
where, as determined by comparison with Fig. 4, and the state¬ 
ments made at the middle of *page 463, time is counted from right 
to left. Now the alternating current, as soon as a movement 
takes place to either side of the zero position begins to rise. 
It rises until finally, at the position marked 6 or at the 
position marked 12, the alternating current reaction equalizes 
that of the direct current. At those points therefore you 
have just sufficient alternating current reaction to compensate 
for that of the direct current, and you get a perfectly sym¬ 
metrical field in the machine. I would not say that at this 
point the currents flowing in all the armature conductors have a 
zero value, as the conditions are not such as to produce that re¬ 
sult. Nevertheless it indicates a point where the reaction of the 
current flowing in the armature is lost for the moment. Now for 
points extending between curves 6 and 12 of the series of loops 
of Plate 6, there is a distortion of this curve in the opposite di¬ 
rection. That is, when the alternating current is zero you get 
curves that show the natural distribution of the flux which would 
occur in a simple direct current machine, then as the alternating 
current rises, the reaction of the direct currents is neutralized, 
and finally you get a condition shown at the middle of the series, 
in which the alternating current actually overbalances the direct 
current in the armature. That occurs for the reason, that the al¬ 
ternating current rises to some value that is greater than the di¬ 
rect current, and therefore when the armature reaction due to 
the alternating current, overbalances the armature reaction which 
is due to the direct current, you get an effect which is shown 
where the maximum instantaneous value of the curve of magne¬ 
tism is changed in its position and runs over the other way, causing 
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a rise on the left hand side. Now 1 think we can trace the efW 

of the variation of the current still further in the effidencv 

curves of the machine. For instance, in Plate 10 you have thl 

ettcency curve of the converter rising above the efficiency curve 
of the motor. In other words, the heat mcr i aqqac ■ ^ curve 

tors arc proportionally less when the machine is fully loaded and 
used as a rotary converter than when it is need as a direct current 
motor, for the reason that the current flowing in the arm ah ret 
less, and that therefore the loss due to the current flowing in the 
armature is correspondingly smaller, and for this reason laro-elv 
the efficiency of the converter rises for hio*h lonrk TU f 3 ^ 
due to the eddy currents and hysteresis would be practically 0 the 
same, or even greater I think, in the case of the coiver ter owi™ 
to the fact that the armature reaction in this case, if anythin* 
tends to increase rather than diminish the total field flux- and 
therefore any increase 111 efficiency is verv laro-plv ‘hi 7 , 

&W&9tirsr .*• coShfriet Js 

also to the fact that there is no side pull on the shaft. There is 

iff t . r 1 ,et,on . !<?« necesaanlv in the case of this rotary converted 
than there is 111 the case of the motor. ' er > 

Mie. Dunn The curves presented by Professor Owens wi 

to." plyaiMl fact wl/ch I thick i» „ ot «l1 

f, Z, 1 ! ™ TlZ.Z' na r^> ‘“s 1 ' fcalatance of cel! 

tonus ot iron. The curves show a variation of the flux pass- 

mg acrossthe air gap, with each impulse of the current, anfthe 

vana ion is sufficiently great, as can be seen, to cause a good deal 
<u loss from eddy currents. h ueai 

The fact I wish to bring out is that, while the resistivity of 
iron is ordinarily seven times that of copper, the resistivity of 
cast-steel is about fifteen times that of copper or nearly double 
. ut ol mm and the resistivity of cast-iron is about 65 times that 
of copper or 9 times that of iron. This fact shows, why we 
do not get enormous losses in the case of rotary transformers 
wh.d. have a variation in the field flux, as shown in this paper 
flic simple reason is that while there is change of magnetic 

”? t ;:; n , i , n ti , c i ,olw to * <*««<>* produce «& y L- 

■ u : ot abnormally high resistance of the cast-iron. This 
resistance of 65 times the resistance of copper makes the pro¬ 
perties of the cast iron like those of a different metal, and I can 
only explain it as an extremely great increase in the resistance of 
copper is explained, when there are present impurities of phos¬ 
phorus or sulphur. I he reduction in the eddy currents is won- 

1 1 .’ an “ Wl! . Ia ™ loil g been enjoying the advantages without 

knowing it. I rofessor Owen’s machine is one in which a cast- 
iron bold was used, and very likely the large variations shown do 
not cause excessive Joss on tliat account. 

Mb. UP. St.b[nmktz : —In large rotary converters a very con¬ 
siderable loss of energy by local oscillation of the magnetic flux 
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and consequent heating of the field pole pieces when solid is, tot 
be anticipated, and for this reason in such machines laminated 
field poles are ordinarily used. 

Referring more particularly to Prof. Owens’ paper, it is of 
great interest investigating what may be called the higher har¬ 
monies of armature reaction. 

In the polyphase rotary converter the resultant armature re¬ 
action of the machine as direct current machine and as alternating 
current machine are equal but opposite, thus neutralizing each 
other and all that remains of armature miction are effects of 
higher frequency which may be called higher harmonics of 
armature reaction. They are obviously present in alternating 
current generators and synchronous motors also, but they are 
overshadowed by the fundamental wave and thus less noticeable 
than hi the rotary converter. 

Besides these higher harmonics of armature reaction, further 
higher harmonics exist when the rotary converter is used to 
change from alternating to direct current, due to the difference 
in wave shape between the impressed alternating terminal voltage 
and the induced alternating counter e. m. k., which difference, 
causes a current component to flow, consisting essentially „of 
waves of higher frequency or higher harmonics. 

The rotary converter has latterly become an eminently im¬ 
portant piece of apparatus, l>v forming the connecting link be¬ 
tween the alternating and the direct current. That is, giving a 
means to convert the alternating current received over long dist¬ 
ance transmission lines into direct current for use. 

In the rotary converter the induced direct current voltage and 
the induced alternating current voltage stand in a definite propor¬ 
tion. 

In the single phase rotary converter their ratio is: 

i 1 

1 -r- - .. „ 

V 2 

Thus the ratio of the direct current and the energy compo¬ 
nent of alternating current corresponding thereto is : 

1 -T- p~2 

In a polyphase system we have to distinguish “star” voltage 
(in the three-phase system commonly called Y voltage), that is 
voltage between any terminal and the neutral point, or point of 
equal difference of potential from all phases, and “ring” voltage 
(in the three-phase system commonly called “ delta ” voltage), 
that is voltage between adjacent terminals of the system. In the 
same way we distinguish between star (orY) current, that is 
current flowing from terminal to neutral point (this is the line 
current) and ring (or delta) current, that, is current flowing from 
terminal to adjacent terminal. 



1897 .] 


ON THE HOTARY CONVHRTRR.-D1SCUSSI0N. 


475 - 


The induced direct current is. m. f. and the induced star e m. f 
in the polyphase converter have the proportion: 


2 V' 2 

The stai r.. m. f. and the iing e. m. f. of the ?r-phase system 
have the proportion: J 

1 ~~ 2 sin •- 

tv 

Thus the induced direct current e. m. f. and the ring b. m. f. in 
the polyphase converter have the proportion: 

• 7T 

sm ~ 

1 n 

S /“2 

Since the direct current power output and the alternating cur¬ 
rent power input, neglecting losses and phase displacement, are 
equal, we have : 

The direct, current and the alternating star current in the 
polyphase rotary converter have the ratio : 

2 / 2 

1 -r- —- - 

The direct current and the alternating ring current have the 
ratio: 

1 . vn 


n sin - 
n 

These current values refer to the energy component of alter¬ 
nating current corresponding to the direct current. 

if a phase displacement exists between alternating e. m. f. and 
current, the wattless component of current has to he added by 
the parallelogram to above given values, and so has the current 
representing the losses in the converter, that is driving it as syn¬ 
chronous (or direct current) motor. 

Derivation of these equations 1 have given in a lecture be¬ 
fore Cornell University, published in the Sibley Journal, June, 
1897, Vol. XI., JMo. 9. 

^ The above given ratios of e. m. f’.s refer to the induced e. m. 
f’s of the rotary converter. The ratio between the alternating 
terminal voltage and the direct current terminal voltage of the 
rotary converter differ more or less from the above given values, 
due to the drop of voltage in the resistance of the rotary con¬ 
verter and due to the difference of the shape of impressed alters 
nating current wave and of counter e. m. f. wave; that is the 
maximum value of the alternating e. m. f. wave is equal to the 
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direct current e. m. e. plus or minus resistance drop.. Tims the 
effective value differs more or less from the above given values, 
sometimes 10 to 15 Q , according to the ratio between maximum 
and effective value of the alternating e. m. f. wave, that is ac¬ 
cording to the wave shape. In the above given values sine 
waves were assumed. 


In general in every armature coil of the rotary converter the 
direct current and the energy component of alternating current 
flow more or less in opposition to each other. 

The direct current in the armature coil is really a rectangular 
alternating current as shown in Figs. 8 and 9, as G reversing 
successively in adjacent coils by their passage under the brush. 



Fro. 8. Fig. 9. 


The alternating current O 1 is assumed as sine wave and is the 
same in all coils of the same phase, thus more or less displaced 
from the rectangular direct current wave. 

The two currents are perfectly in opposition in a coil midways 
between two adjacent alternating leads, and in this coil the resul¬ 
tant current in the n-phase rotary converter is 


where 


0/4: sin (p 

\ /n cn 


n sin 



0 — direct current, and q> = 2 n JSf t, 


it is shown in Fig. 1 as C 0 . 


In an armature coil displaced by phase angle co from middle 
position between alternating leads, Fig. 9., the resultant current 
is 
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c. 


0 /i sin {(p — (u) 
2 \ 


n sm 


IT 

n 


) 


as shown in Fig. 9 as G 0 . 

Thus the effective value of current, 


ft = w 


o • o 7T 

nr sm *- 
n 


-j— q 


16 cos co 

n t r sin - 
n 


0 . 


Hence, since ^ is the direct current in the armature coil the 

relative heating effect of the resultant current in the rotary con¬ 
verter, and the direct current is : 


y co 


n 

( yo\2 

I) 


s 


o • «> 7r 


16 cos u> 


n‘ sm * - n tt sin — 

^ n 


and integrating over the whole armature, it is : 

8 • +1 — 

5T 


/ 


o • o 7T 

w sm 

71 


1.6 
X’ 


the ratio of the G 2 R in the rotary converter and the direct cur¬ 
rent machine of the same output.* 

In con sequence hereof, regarding heating of the armature, the 


rotary converter can he rated at 


/ 


of the output of the 


same machine as direct current machine. This is 

.85 of the output of the machine as direct current machine in 
a single phase rotary converter, 

1.84- in the three-phase rotary converter 


1.64 u quarter-phase “ 


u 

a 

u 


.1.96 a six-phase Ci 

2.81 “ infinite phase “ 

(Joining now to the armature reaction of the rotary converter. 
The armature reaction of the direct current G with m turns on 
the armature of a bipolar machine (in a multipolar machine 0 
and prefer to one pair of poles) is, 


7.7 ni G 

JH — — — aV g cos 


TV 


7r 
< 5 T 


m 0 

71 


In the n-phase rotary converter the ampere turns per phase on 
the armature ( per pair of poles) are : 
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m C x V 2 m C 

jr 

n n 2 sin - 

n 

Where C\ = alternating lung current and G the corresponding 
direct current. 

Thus their resultant, since these ampere-turns are distributed 
over l/7t of the circumference; 



m C 


+ 


TV 


n 


7 - mq cos 

U J rr 


n 

= V 2 m C 

re n 


and consequently the resultant armature reaction of all n phases : 



_ m C 

7t 

that is equal (but opposite) to that of the direct current. There¬ 
fore, while in a direct current or alternating current machine a 
considerable increase of field strength is required with increasing 
load to take care of the armature reaction, in a rotary converter 
practically no change of field strength with change of load is re¬ 
quired, except where phase displacements are intentionally pro¬ 
duced thereby. 

The polarization of the armature due to the energy component 
of alternating current is in quadrature with the held m. m. f. 
Thus the armature reaction of the wattless component of alter¬ 
nating current is in phase with the field m. m. f. with a lagging, 
in opposition with a leading current in a machine converting 
from direct to alternating current. Hence, it is always magne¬ 
tizing or demagnetizing, but never distorting. 

In the polyphase rotary converter no distortion of the magnetic 
field exists, except that due to the small energy component of 
alternating (or direct) current driving the machine as motor, 
that is supplying the internal losses. 

The resultant armature reaction due to the energy component 
of alternating current corresponding to the direct current is zero. 
Thus all that exists of armature reaction, is: 

The small armature. reaction due to the current driving the 
machine as motor, which is in quadrature or distorting, and of 
fundamental frequency. 

* “Theory and Calculation of Alternating Current Phenomena ” Stein- 
metz, page 354. ’ 
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The armature reaction of the wattless component of alternating 
current, if such exists, which is magnetizing or demagnetizing 
and of fundamental frequency. ^ ® 

The higher harmonics of' armature reaction investigated by 
Prof. Owens. * 

The higher harmonics of armature reaction produced by a 
difference of wave shape between impressed and counter e. m. f. 
when converting from alternating to direct current. 

Either of the latter two reactions is oscillating. 

In a single phase rotary converter the armature reaction of the 
alternating current is pulsating, thus the resultant armature reac¬ 
tion oscillating, thereby causing a sweeping flux, which is very 
objectionable for sparkless commutation. 

The polyphase rotary converter is self-starting from rest, but 
in this case requires a very large current and gives a small torque, 
that is, is similar to the induction motor without resistance in the 
secondary circuit. 

The polyphase rotary converter offers the most convenient 
means of controlling the voltage of an alternating current system 
by phase relation. By varying the relative proportion of im¬ 
pressed and counter e. m. f. by a change of the held excitation of 
the rotary converter, either by hand, or automatically by the com¬ 
bination of shunt and series field, leading or lagging currents can 
be produced at will, and thereby the self-induction of the circuit 
between generator and rotary converter made to raise or lower 
the voltage at the latter’s terminals. Besides the rotary conver¬ 
ter can be used to compensate for lagging currents of induction 
motors, etc. 


The use of the rotary converter to change from direct to alter¬ 
nating current is somewhat dangerous, since any change in the 
alternating current system supplied by the rotary converter, 
which causes lagging currents to flow, will react demagnetizing 
upon the rotary converter field, and thereby cause the rotary 
converter to speed up in the same way as any direct current mo¬ 
tor with reduced field strength speeds up. Therefore when used 
in this manner, means have tu be provided to check automatically 
any undue acceleration caused by lagging alternating currents. 

Prof. Thomson : — There is just one consideration I would like 
to call attention to in the discussion of this subject, and that is 
that the machine which is excited as a constant potential machine 
has virtually on its field a copper band which is of course in in¬ 
ductive relation to the mass of the field such as would tend to 
prevent variation in the total flux through the whole section, but 
of course would not prevent variation in dux relatively, the one 
portion of the pole piece to the other, and it would be of course 
an interesting matter to determine just how far this difference 
prevents the discovery of other variations or greater variations 
than those found. 

The President Are there any further remarks on tiffs sub- 
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ject? If not I will ask Vice President Steinmetz to kindly 
take the Chair. 

Mr. Steinmetz took the Chair. 

The Chairman : — The next paper in order is Professor Jack- 
son’s paper on “Electrical Cooking* Apparatus/ 5 In Mr. Jack¬ 
son’s absence I will ask the Secretary to read the paper. 



A $ after presented at the 14th General Meeting of 
the American Institute 0/ Electrical Engineers s 
Eliot , Me,, July 28th , i8qy, Vice-President 
Steinmeiz in the Chair, 


THE ECONOMY AND UTILITY OF ELECTRICAL 

COOKING APPARATUS. 


BY JOHN PRICK JACKSON. 


The tests of electrical cooking apparatus detailed in this paper 
were made with the hope of obtaining a method of cooking that 
would he satisfactory with a minimum risk of lire. During the 
past winter a serious tire, which might readily have become dis¬ 
astrous, occurred in one of the buildings of the college with which 
the writer is connected, caused by the use of an alcohol stove. 
As this institution is lighted and furnished with power bv elec¬ 
tricity, it naturally was felt that such a danger should be avoided, 
if possible, by the use of electrical appliances. It was also de¬ 
sired to ascertain whether at least a portion of the cooking in the 
Woman’s Department of the college could not be done satisfac¬ 
torily bv electricity. 

*/«/*/ 

To determine these points, I procured from the American Elec¬ 
trical Heating Corporation, of Boston, through the courtesy of 
Mr. J. E. Say lew, the following pieces of apparatus: 

1 oven, 13" X 9" X IS", having three heats, 3, 10 and 11 am¬ 
peres respectively. 

3 stoves of 2, 4 and 5 amperes respectively. 

2 flatirons of 1.5 and 6 amperes capacity. 

1 broiler of 12 amperes capacity. 

1 curling iron of % ampere capacity. 

The pressure used by these is 110 volts. 

The stoves are round disks of iron, on the under side of which 
the heating wires are imbedded in a non-conducting,* in¬ 
combustible compound. The oven is a box, so thoroughly heat- 
ansulated that the outside metal covering never reaches a tern- 
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perature uncomfortable to the hand. The broiler is made of a 
corrugated metal surface, slightly tipped from the horizontal, 
with a drip groove at the lower edge for catching the meat juices. 
The flatirons are similar in construction to the stoves, the laro-er 
one having a low current switch, which enables the operator to* 
control the heat. 

In all these appliances the heating coils are so arranged that 
the energy is largely concentrated at useful points. They are 
also supplied with supports and bases which will not conduct 
heat. 

The efficiencies of the two larger stoves were obtained by heat¬ 
ing two pounds of water to the boiling point and measuring the 
power supplied by a calibrated wattmeter. The cooking vessels 
used were ordinary stewing pans, with the bases nearly of the 
same size as the tops of the stoves. The efficiencies, considering 
the ratio between the amount of heat absorbed by the water and 
the amount received by the stoves were : 

For the larger or No. 1, 4-8.9 per cent. 

For the next size, 2, 48.1 

These efficiencies could be increased by having the pans made 
to lit the stoves exactly, and still further by carefully covering 
the pans, lids and exposed portions of the stoves with a non¬ 
conductor of heat. 


When it is desired to boil water, the best plan is to place an 
immersion coil in a properly heat-insulated pot; such an arrange¬ 
ment should give an efficiency of from 90 to 100 per cent. We 
unluckily did not have such a coil at our disposal. 

It was impossible to measure the cooking efficiency of the 
oven, but as it was merely warm on the outside after potatoes or 
bread had been baked and “done to a turn,” the efficiency is- 
high. In baking, the current was turned on and the oven al¬ 
lowed to heat for live minutes before the articles to be cooked 


. were placed within, and the current was turned off from ten to 


twenty minutes before the baking was done, when the heat of the 


oven was sufficient to complete the operation. The broiler was 
manipulated in much the same manner, thus utilizing tire great¬ 
est possible amount of heat. This electrical apparatus was used 
for several weeks in cooking most of the meals for a family of six. 

The following table indicates the amount of cooking done for 
the first breakfast, dinner and supper, respectively, and "may be 
taken as a fair average of the whole period. 
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All costs have been estimated on the basis of 10 cents per 
(kilowatt hour, the average rate charged for residence electrical 
supply in a near-by town. The foods were not measured, as it 
was believed more desirable to determine whether in a lon^ 
period of cooking the apparatus would prove satisfactory for a 
family of given size. 

The largest stove is designated No. 1; the next size, No. 2; 
the third size, No. 3; the broiler, n and the oven, o. 


BREAKFAST. 


TIME, 

UTENSILS. 

FOOD. 

WATTS. 

6.55... 

»•*•#»<* *««»••« 1ST o« 1) 

on 

Rolled Oats. 


6.55... 

0, 

on 

Coffee. 

844 

7.45.., 

. 1, 

off 



7.45... 

. B. 

on 

Beefsteak. 

.. 1500 

7.55... 

. 2, 

off 


1155 

8.05.., 

. B, 

off 




Kilowatt Hours, 1.355 

Cost, 11.46 cents. 




DINNER. 


10.61.. 


OTl 

.Beef Roast.... ) 


10.55.. 



Potatoes.v. 

1610 

11.35.. 



Pic.) 


11.46.. 

. i, 

on 

Asparagus. 

.. 1990 

12.05.. 

. 0. 

off 


12.05.. 

. 2, 

on 

Coffee. 

.. 1180 

12.11.. 

. B, 

on 

Toast for Asparagus. 

.. 2200 

12.21).. 

. 1, 

off 

.. 1835 

12.32.. 

... B, 

off 



12.32 . 

. 2, 

off 




Kilowatt Hours, 2.98 

Cost, 29.8 cents. 




SUPPER. 


4.59... 


on 

Cocoa. 

. 630 

5.15... 

. 2, 

on 

Potato Cakes. 

.. 1010 


5 . 1(5 . 

r ao 

1 / » M&J • m 

5.2(5.. 
5.2(5.. 

6.43.. 

5.44.. 


B, on 
2, off 

b, on: 

2, on 
2, off 
1. off 


Omelet. 2100 

.1700 


1130 

640 


Kilowatt Hours, 8.3!) 


Cost, 8.39 cents. 


Four pies can be baked in the oven at an expenditure of .62 
kilowatt hours and a cost of 6.2 cents or 2.05 cents per pie. Two 
large loaves of bread were baked with the current on the oven 
50 minutes, at an expenditure of 1.22 kilowatt hours, a cost of 
12.2 cents or (hi cents per loaf. Four rather small-sized loaves 
could have been baked as readily. Biscuits with about the same 
expenditure of energy as in the case of pies. The broiler utilized 
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about the same amount of energy for all kinds of meat as indb 
cated in the table. The cost of soup sufficient for the family was 
about 4.5 cents. 

The result of the whole series of meals was a cost for electric¬ 
ity of 13.1 cents per meal. The heating of water for washino- 
the dishes took an additional .35 of a kilowatt hour per meat 
which raises the cost to 16.6 cents per meal. 

To determine the relative cost of cooking with electricity and 
coal, the same foods were cooked on the No. 8 Othello coal'stove 
oidinaiily used by the family. The coal was carefully weighed 
The results gave an average of 12.6 pounds per meal, which at 
$5.00 per ton gives a cost of 3.15 cents per meal. 

The results show the cost of cooking by coal to be about 19 per 
cent of the cost of cooking by electricity. 

Ironing was done for the same household a number of times. 
The heavy articles were done with the large iron; while for 
fancy diesses and light articles, the small iron was used. The 
average time taken was four hours, and the expenditure of 

energy in kilowatt hours was 2.27. This made the cost of the 
ironing 22.7 cents. 

An equal number of tests was made using the coal range; the 
fuel being carefully weighed. For the same sized wash, the iron¬ 
ing took five hours, at a cost of 12.25 cents. This shows the cost 

of eneigy by the use of coal to be 54 per cent, of that by elec- 
trieity. 

The results of the cooking tests seem to indicate that for the 
usual cooking of a family for the whole year, the expense 
would be larger than would be ordinarily acceptable, notwith¬ 
standing the great advantages in other respects. However, in the 

following classes the utility of electrical cooking utensils should 
be great: 

1 . tor light housekeeping, such as is practiced in small city 
apartments, and in many larger houses during the summer months, 
no other method presents so many desirable features. The dirt 
of coal and allies, disagreeable gases and abnormal temperature 
due to a coal stove are entirely avoided. For such housekeep¬ 
ing a disk stove using oOO or 600 watts and a broiler using about 
1200 watts would be sufficient for a, small family and would cost 
from $20.00 to $30.00. A teakettle or immersion coil might be 
•added at a cost of from $6.00 to $10,00. A special pair of wires 
would of necessity have to be run into the cooking room from 
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the house or apartment supply mains. The latter would ordina¬ 
rily warrant the extra call that would be made upon them in this 
way; For similar purposes coal oil, gas or gasoline are frequently 
used, but with the inherent disadvantages of greater heat in the 
room, offensive odors, comparative uncleanliness and dancer 

2. This form of cooking apparatus could be used with facility 
in boarding houses and restaurants for purposes which require an 
even temperature such as is needed in baking griddle cakes, 
boiling eggs, etc. 

3. Where electricity is available, nothing could be more con¬ 
venient than a small electrical stove, requiring 300 or 400 watts 
for the many uses to which at present the alcohol flame is put, 
such as the afternoon tea-kettle, chafing-dish, toaster, etc. This 
use of alcohol is most unsafe as regards danger from fire, and 
could well be discarded for electricity, which is absolutely safe 
when properly installed, as well as being more convenient and 
better in other respects. 

4. In the shop, the glue pot, solder pot, brazing iron, etc., can 
be heated advantageously by electricity and one of the most 
gratifying consequences of our experiments has been the deci¬ 
sion to put such an equipment in our college shops. 

5. The test of the electrical flatirons showed them more econ¬ 
omical than the old form, when the saving of labor is taken 
into account. Not only is there a saving in time, but the severity 
of labor is much lessened. Our experience is that a laundress- 
who lias used an electrical iron would be exceedingly unwilling 
to go back to the old form. 

A small flatiron of two or three amperes attached to the or¬ 
dinary lighting fixture in a dressing room is a great convenience; 
and with the electric tea-kettle and curling-iron is destined to- 
become essential in the modern home. 

Concerning the question whether the use of electricity had 
proved satisfactory in its operations in the cooking tests described, 
the housekeeper in charge said : The instruments were excel¬ 
lent in every respect. We were able to cook more rapidly, to 
keep the heat at just the right point, and could readily prevent 
over-cooking or under-cooking. While we were using electricity 
every dish was perfect. When I think of these advantages and 
of the cleanliness and convenience of the utensils, I sincerely 
hope that some of them at least may be retained in the house 
permanently. 7 ’ 
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The general results of the tests were of such a nature that the, 
writer is warranted in the belief that if central station managers, 
would more generally introduce exhibition equipments of these, 
domestic utensils, a new call on their station capacity would, 
develop,-of which the larger proportion would be during the, 
light load periods. 

I wish to acknowledge my indebtedness to Mr. Rudolph F. 
tvelker, of Harrisburgli, Fa., for his valuable aid in carrying out 
the work briefly described above. 
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Discuss jon. 

Prof. Thomson :-~J am sorry that the author of the paper k 
not here to give us a little information that it seems to me ought 
to be had especially in this country of pie. The cost of baking 
a pie in given, hut the size of the pie is not mentioned. In the 
same way the cost of biscuits is said to he the same as that of 
pie. This looks a little suspicious, as biscuits are usually small. 
Whether for the purpose of comparison the size of the biscuits 
ought to he increased to that of the pie, or the size of the pie to 
be reduced to that of the biscuits, I do not know. As an inter¬ 
esting fact in this matter of. cooking, I may mention that many 
years ago, I think about 1N77, in a lecture, I showed as a novelty 
at that time,—“dynamos were then a novelty—I showed the ex¬ 
periment of boiling an egg, and it was at that time quite a nov¬ 
elty. The experiment, was performed by simply immersing a 
little coil of german silver wire. There'was very little water, 
and in that operation you could bring it to a boiling point in a 
short space of time. 1 cooked the egg beautifully and ate it 
after the lecture. 

Prof. Owknh: .The statement that electrical cooking appa¬ 

ratus is likely to help out tin* station load diagram, I think is an 
error. The breakfast cooking, and dinner cooking will certainly 
come about the time when the heavy morning and evening loads 
are on. I note* that he has made no comparison with the gas 
stove which seems to he tin* favorite utensil for cooking in a 
small way. Not having had the experience with domestic cook¬ 
ing apparatus etc., that Prof. Jackson has, I am unable to criti¬ 
cise the figures lie gives for the cooking of actual food material; 
but 1 conducted a long series of experiments a year ago to de¬ 
termine the, efficiency of various pieces of electric cooking appa¬ 
ratus, using water in every ease as a means of absorbing the 
power, and 1 am sorry 1 have not the results with me, or the curves, 
but I will he glad to send a few of them in as a written commu¬ 
nication. 

Tin*. Sic kkta ky :—I regret, Mr. Chairman, that this paper came 
to hand at Hindi a late hour that 1 could not make any inquiries in 
regard to then*, matters. 1 am not very well posted on the sub¬ 
ject of cooking by electricity, but my thoughts turned in the same 
direction as Prof. Thomson's, because, being a native of .New 
England, and a long time sojourner in New York, I have had 
experience with different, forms of pie and different sizes of loaves 
of bread, and I have Been loaves of bread baked in a dish-pan in 
camp. If you could bake one of those for six cents, it would 
perhaps be a, reasonable cost. 1 was unable to get any further 
information, and this paper was printed after I left. 1 received 

^ • * A mk A 

it since I arrived here. 

Tun On airman Ib there any further discussion ? If there is 
no further discussion, the programme of the June meeting, 1.897, 
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is closed. But before the meeting adjourns, I think I express the 
sentiment of the Institute by expressing the heartfelt thanks of 
the Institute to the residents of Greenacre, and especially the 
ladies for their hospitality, and the very pleasant reception they 
have accorded to us. In the name of the Institute I thank 
them. (Applause). 

^ he Geneial J\feetin^ then adjourned, svtic 
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THE 

National Electrical Code, 

AS ADOPTED BY HE 

NATIONAL CONFERENCE ON 

STANDARD ELECTRICAL RULES. 

New York, March 18 th and igth, 1896 . 

GENERAL PLAN 

GOVERNING THE ARRANGEMENT OF RULES 

CLASS A.—Central Stations, Dynamo, Motor and Storage-Batterv 

Rooms, Transformer Sub-stations, etc. Rules 1 to u J 

CLASS B.—Outside Work, all systems and voltages. Rules 12 and 13 

CLASS O.—Inside Work, Rules r 4 to 39. Subdivided as follows : 
General Rules, applying to all systems and voltages. Rules 14 to 17 
Constant-Current systems. Rules 18 to 20 
Constant-Potential systems. 

Alt voltages. Rules 21 to 23 . 

Voltage not over 300, Rules 24 to 31 . 

Voltage between 300 and 3 , 000 . Rules 32 to 37 . 

Voltage over 3 , 000 . Rules 38 to 39 . 

C ] LASS I > -”" s P ecificati <> ns for Wires and Fittings. Rules 40 to 55 . 

CLASS E. —Miscellaneous. Rules 56 to 59 . " 

CLASS K.—Marine Wiring. Rules 60 to 72 . 

G RNERAL SUGGESTIONS. 

In all electric work conductors, however well insulated, should alwavs 
be treated as bare, to the end that under no conditions, existing or likelv 
to exist can a grounding or short circuit occur, and so that all leakage from 

to The^mimin mm or ht ‘ Uveen «)iuluctor and ground, may be reduced 

In all wiring special attention must be paid to the mechanical execution 
of the work. ( archil and neat running, connecting, soldering tanning of 
conductors and .securing and attaching of fittings, are specially conducive 
to security and cttieiency, and will be strongly insisted on. ^ 

In laying nut an installation, except for constant-current systems the 
work should, it possible, be started from a centre of distribution and the 
switches and cut outs, controlling and connected with the several branches 
be grouped together in a safe and easily accessible place where they can 
be readily got at for attention or repairs. The load should be divided as 
evenly as possible among the branches, and all complicated and unneces¬ 
sary wiring avoided. 

The use of wire-ways for rendering concealed wiring permanently acces¬ 
sible is most heartily indorsed and recommended; and this method of 

accessible concealed construction is advised for general use. 

Architects are urged, when drawing plans and specifications, to make 
provision for the channeling and pocketing of buildings for electric light or 
power wires, and in specifications for electric gas lighting to require a two- 
wire circuit, whether the building is to be wired for electric lighting or not 
so that no part of the gas fixtures or gas piping be allowed to be used for 
the gas-lighting circuit. 
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Class A. 

STATIONS AND DYNAMO ROOMS 

Includes Central Stations , Dynamo , Motor and Storage Battery Rooms, Trans¬ 
former Sub-Stations, Etc. 


1. Generators- 

< 2 . Must be located in a dry place. 

Must never be placed in a room where any hazardous process is carried 
on, nor in places where they would be exposed to inflammable gases or 
flyings of combustible materials. 

c. Must be insulated on floors or base frames, which must be kept filled 
to prevent absorption of moisture, and also kept clean and dry. Where 
frame insulation is impracticable, the inspection department having juris¬ 
diction may, in writing, permit its omission, in which case the frame must 
be permanently and effectively grounded. 

A high-potential machine which, on account of great weight or for other reasons, 
can not have its frame insulated from the ground, should be surrounded with an insu¬ 
lated platform. This may be made of wood, mounted on insulating supports, and so 
arranged that a man must always stand upon it in order to touch any part of the 
machine. 

In case of a machine having an insulated frame, if there is trouble from static elec¬ 
tricity due to belt friction, it should be overcome by placing near the belt a metallic 
comb connected with the earth, or by grounding the frame through a very high resis¬ 
tance of not less than 200 ohms per volt generated by the machine. 

d. Every constant-potential generator must be protected from excessive 
current by a safety fuse, or equivalent device of approved design in each 
lead wire. 

These devices should be placed on the machine or as near it as possible. 

Where the needs of the service make these devices impracticable, the Inspection 
Department having jurisdiction may, in writing, modify the requirements. 

e. Must each be provided with a waterproof cover. 

f. Must each be provided with a name-plate, giving the maker's name, 
the capacity in volts and amperes, and normal speed in revolutions per 
minute. 

2. Conductors.— 

From generators to switchboards, rheostats or other instruments, and 
thence to outside lines. 

a. Must be in plain sight or readily accessible. 

b. Must have an approved insulating covering as called for by rules in 
Class “C” for similar work, except that in central stations, on exposed cir¬ 
cuits, the wire which is used must have a heavy braided non.combustible 
outer covering. 

Bus bars may be made of bare metal. 

c. Must be kept so rigidly in place that they can not come in contact. 

d. Must in all other respects be installed under the same precautions as 
required by rules in Class “C” for wires carrying a current of the same vol¬ 
ume and potential. 

3. Switchboards.— 

a. Must be so placed as to reduce to a minimum the danger of communi¬ 
cating fire to adjacent combustible material. 

Special attention is called to the fact that switchboards should not be built down to 
the floor, nor up to the ceiling, but a space of at least ten to twelve inches should be left 
between the floor and the board, and from eighteen to twenty-four inches between the 
ceiling and the board in order to prevent fire from communicating from the switch¬ 
board to the floor or ceiling, and also to prevent the forming of a partially concealed 
space very liable to be used for storage of rubbish and oily waste. 

b. Must be made of non-combustible material or hardwood in skeleton 
form, filled to prevent absorption or moisture. 

c. Must be accessible from all sides when the connections are on the back, 
but may be placed against a brick or stone wall when the wiring is entirely 
on the face. 
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d. Must be kept free from moisture. 

conductors 31 " 53 mUSt ^ eqmpped in accordance with the rules for placing 

4. Resistance Boxes and Equalizers.— 

(F° r construction rules . see No. 52.) 

a. Must be placed on a switchboard nr if ' . 

foot from combustible material or separated a dlstan ? e ot ’ a 

mable, non-absorptive, insulating material therefrom b ? a ^nunflam- 

5. Lightning- Arresters.— 

{For construction rules , see No. cc\ 

with the S stat e ion ttaChed t0 6aCh SMe ° f every overhead circuit connected 

ateril «“* testers be con- 
discharges entering (over the wires) buildings connected^?thefltees! prevent ordina ry 

mnieriol? ' n readd . v accessible places away from combustible 

building!' d aS practlcable t0 the Point where 7 the wires enter the 

bo!rd i° A arresters should generally be placed in plain sight on the switch- 

In all cases, kinks, coils and sharp bends in the wires between the arresters 
and the out door lmes must be avoided as far as possible arresters 

c. Must be connected with a thoroughly good and permanent ©round r>r»r> 

of C i No b fi 7 ? e f alllC strips or wires having a conductivity not less than that 
ot a No. 6 b. & s. copper wire, which must be run as nearly in a straight 
lme as possible from the arresters to the earth connection 2ht 

wi?hTn“he huTldings ! 18 8 3rreSterS mUSt n0t be attached to S as pipes 

and the dynamo. In'nocase shouldthe'ground w?re^ro°m Tfightnlng^rreste^ben^ 
into iron pipes, as these would tend to impede the dfscharge. llghtning arrester be put 

6. Care and Attendance.— 

a A competent man must be kept on duty where generators are operating. 
h. Oily waste must be kept in approved metal cans and removed daily. 

° f meta1 ’ with legs raisingoanthreeinches from 

7. Testing of Insulation Resistance.— 

a All circuits must be provided with reliable ground detectors. Detec- 
tois which indicate contmously, and give an instant and permanent indica- 

* 10n a ground are preferable. Ground wires from detectors must not 
be attached to gas pipes within the building. 

b. Where continuously indicating detectors are not feasible, the circuits 
should be tested at least once per day, and preferably oftener. 

c. Data obtained from all tests must be preserved for examination by the 
Inspection Department having jurisdiction. 

these rules on testing to be applied at such places as may be designated bv the In¬ 
spection Department having jurisdiction. 8 y tne ln 

8. Motors.— 

a. Must be insulated on floors or base frames, which must be kept filled 
to prevent absorption of moisture ; and must be kept clean and dry. Where 
frame insulation is impracticable, the Inspection Department having juris¬ 
diction may, in writing, permit its omission, in which case the frame must 
be permanently and effectively grounded. 

A high-potential machine which, on account of great weight or for other reasons 
can not have its frame insulated, should be surrounded with an insulated platform’ 

I his may be made of wood, mounted on insulating supports, and so arranged that a 
man must sLand upon it in order to touch any part of the machine. 

In case of a machine having an insulated frame, if there is trouble from static elec¬ 
tricity due to belt friction, it should be overcome by placing near the belt a metallic 
comb connected to the earth, or by groundingtheframe through a very high resistance 
of not less than 200 ohms per volt generated by the machine. 



4S2 


NATIONAL ELECTBICAL CONE. 


b. Must be wired under the same precautions as required by rules in 
Class “C,” for wires carrying a current of the same volume and potential. 

The leads or branch circuits should he designed to carry a current at least fifty per 
cent, greater than that required by the rated capacity of the motor to provide for the 
inevitable overloading of the motor at times without over-fusing the wires. 

• c. The motor and resistance box must be protected by. a cut out and con¬ 
trolled by a switch (see No. 17 a), said switch plainly indicating whether 
“on” or “off.” Where one-quarter horse-power or less is used on low-tension 
circuits a single-pole switch will be accepted. The switch and rheostat 
must be located within sight of the motor, except in such cases where 
special permission to locate them elsewhere is given, in writing, by the 
Inspection Department having jurisdiction. 

d. Must have their rheostats^or starting boxes located so as to conform to 
the requirements of Rule 4 . 

In connection with motors the use of circuit breakers, automatic starting boxes and 
automatic under-load'switches is recommeded, and they must be used when required. 

e. Must not be run in series-multiple or multiple-series. 

/. Must be covered with a water-proof cover when not in use, and, if 
deemed necessary by the Inspection Department having jurisdiction, must 
be inclosed in an approved case. 

From the nature of the question the decision as to what is an approved case must be 
left to the Inspection Department having jurisdiction to determine in each instance. 

g. Must, when combined with ceiling fans, be hung from insulated hooks, 
or else there must be an insulator interposed between the motor and its 
support. 

k . Must each be provided with a name-plate, giving the maker’s name, 
the capacity in volts and amperes and the normal speed in revolutions per 
minute. 

9. Railway Power Plants — 

a. Must be equipped in each feed wire before they leave the station with 
an approved automatic circuit breaker (see No. 44 ) or other device, which 
will immediately cut off the current in case of a ground. This device must 
be mounted on a fireproof base, and in full view and reach of the attendant. 

1 O. Storage or Primary Batteries.— 

a. When current for light and power is taken from primary or secondary 
batteries, the same general regulations must be observed as applied to- 
similar apparatus fed from dynamo generators developing the same differ¬ 
ence of potential. 

b. Storage battery rooms must be thoroughly ventilated. 

c. Special attention is directed to the rules for rooms where acid fumes 
exist. (See No. 24 ,/ and k.) 

d. All secondary batteries must be mounted on non-absorptive, non¬ 
combustible insulators, such as glass, or thoroughly vitrified and glazed 
porcelain. 

e. The use of any metal liable to corrosion, must be avoided in connections 
of secondary batteries. 

1 1. Transformers.— 

{For construction 1 ules see No. 34.,) 

a. In central or sub-stations the transformers must be so placed that 
smoke from the burning out of the coils or the boiling over of the oil (where 
oil filled cases are used) could do no harm. 
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Class B. 

OUTSIDE WORK. 

All Systems and Voltages. 

1 2. Wires.— 

«. Service wires must have an approved rubber insulating covering. 
(See No. 40 a.) Line wires, other than services, must have an approved 
-weather-proof or rubber insulating covering. (See No. 40 « and b) All 
the wires must have an insulation equal to that of the conductors they confine. 

b. Must be so placed that moisture can not form a cross connection be¬ 
tween them, not less than a foot apart, and not in contact with any sub¬ 
stance other than their insulating supports. Service blocks must be covered 
over then entire surface with at least two coats of waterproof paint. 

c. Must be at least seven feet above the highest point of fiat roofs, and 

at least one foot above the ridge of pitched roofs over which they pass or 
to which they are attached. * F 

, .f: Must be protected by dead insulated guard iron or wires from possi¬ 
bility of contact with other conducting wires or substances to which current 
may leak. Special precautions of this kind must be taken where sharp 
angles occur, or where any wires might possibly come in contact with 
electric light or power wires. 

r. Must be provided with petticoat insulators of glass or porcelain. 
JPoicelain knobs 01 dents and rubber hooks will not be approved. 

/. Must be so spliced or joined as to be both mechanically and electricallv 
secure without solder. 1 he joints must then be soldered, to insure preser¬ 
vation, and covered with an insulation equal to that on the conductors. " 

AH joints must be soldered, even if made with some form of patent splicing device. 
This 1 eime applies to joints anil splices in all classes of wiring covered by these rules. 

g. Must, where they enter buildings, have drip loops outside, and the 
xioles through which the conductors pass must be bushed with non-com- 
tousbble non-absorptiyc insulating tubes slanting upward toward the inside 

k. telegraph telephone and similar wires must not be placed on the 
same cross-arm with electric light or power wires. 

l. The metallic sheathes to cables must be permanently and effectively 

connected to “earth.” 7 


Trolley Wires. 


J‘ Must not be smaller than No. o u. & s. copper or No. 4 rt. & s. silicon 
L>ronze, and must icadily stand the strain put upon them when in use. 

k. Must have a double insulation from the ground. In wooden pole con¬ 
struction, the pole will be considered as one insulation. 

'J\ ! 3e capable of being disconnected at the power plant, or of being 

divided into sections, so that, in case o i fire on the railway route, the current 
riay be shut off from the particular section and not interfere with the work 
>x the firemen. This rule also applies to feeders. 

m. Must be safely protected against accidental contact where crossed bv 
>ther conductors. J 


Guard wires should be insulated from the ground and should be electrically discon- 
lected in sections of not more than 300 feet in length. 


Ground Return Wires. 

n. For the diminution of electrolytic corrosion of underground metal 
vork, ground return wires must be so arranged that the difference of po- 
ental between the grounded dynamo terminal and any point on the return 
■lrcuit will not exceed twenty five volts. 

VI s suKlfeKtisl that the positive pole of the dynamo be connected to the trolley line 
.nu that whenever pipes or other underground metal work are found to be electrically 
lOMtivc to the rails or surrounding earth, that they be connected by conductors ar- 
angecl so as to prevent as fur us possible current flow from the pipes unto the ground. 
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1 3. Transformers- 

{For construction rules, see No. 34 .) 

a. Must not be placed inside of any building, excepting central stations 
unless by special permission of the Inspection Department having juris¬ 
diction. 

a 

b. Must not be attached to the outside walls of buildings unless separated 
therefrom by substantial supports. 


Class C. 

INSIDE WORK. 

All Systems and Voltages. 

GENERAL RULES—ALL SYSTEMS AND VOLTAGES. 


14 Wires.- 

{For special rules , see Nos . 18, 24 , 32 } 38 and 39.) 

a. _ IVIust not be of smaller size than No. 14 n. & s., except as allowed under 
Rules 24 u and 40*:. 

b. Tie wires must have an insulation equal to that of the conductors they 
confine. 

c. Must be so spliced or joined as to be both mechanically and electrically 
secure without solder j^they must then be soldered to insure preservation, 
and the joint covered with an insulation equal to that on the conductors. 

Stranded wires must be soldered before being fastened under clamps or 
binding screws, and when they have a conductivity greater than No. 10 
b. & s. copper wire, they must be soldered into lugs. 

All joints must be soldered, even if made with some form of patent splicing device. 
This ruling applies to joints and splices in all classes of wiring covered by these rules. 

d. Must be separated from contact with walls, floors timbers or partitions 
through which they may pass by non-combustible, non-absorptive insulat¬ 
ing tubes, such as glass or porcelain. 

Bushings must be long enough to bush the entire length of the hole in one continuous 
piece, or else the hole must first be bushed by a continuous waterproof tube, which 
may be a conductor, such as iron pipe ; the tube then is to have a non-conducting bush¬ 
ing pushed m at each end so as to keep the wire absolutely out of contact with the 
conducting pipe. 

<?• Must be kept free from contact with gas, water or other metallic pip¬ 
ings, or any other conductors or conducting material which they may cross, 
by some continuous and firmly fixed non-conductor, creating a separation 
of at least one inch. Deviations from this rule may sometimes be allowed 
by special permission. 

f. Must be so placed in wet places that an air space will be left between 
conductors and pipes in crossing, and the former must be run in such a 
way that they cannot come in contact with the pipe accidentally. Wires 
should be run over, ratiier than under, pipes upon which moisture is likely 
to gather or which, by leaking, might cause trouble on a circuit. 

1 5. Underground Conductors.— 

a. Must be protected, when brought into a building, against moisture and 
mechanical injury, and all combustible material must be kept removed from 
the immediate vicinity. 

b. Must not be so arranged as to shunt the current through a building 
around any catch-box., 

1 6. Table of Carrying Capacity of Wires.— 

Below is a table showing the allowable carrying capacity of wires con¬ 
taining nmetv-eight per cent, pure copper, which must "be followed in 
placing interior conductors : 
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Table A, 

Rtibber Covered Wires. 
See No. 40 a. 


w Table b. 
Weatherproof Wires. 
See No. 40 b. 


B. & S. G. 

18 . 

16. 

H. 

Amperes. 

. 6 . 

Amperes. 

r2. 

TO. 

6 



5 

• * * * •• *<•***.**. 34 


4 •»••• 4 • • * 

. 65 . 


3 «* • • • • * 

2. 

. 76 . 

. 00. .. _ 


.. 

0. 

*«*••**■ • * • * 4 1 107 •*•••««• 


00. 



000. 



0000. 



Circular Mills. 



200,000. 



300,000. 



400,000. 

. 330 ... . 


500,000.. 



600,000. 

700,000. 


. 59 ? 

800,000. 


0 

900 000. 



T , 000,000 . 

1,100.000. 


■ • .. 920 

.. .1,000 

1,200,000 .. 



1,300,000. 



1,400,000 . 



1,500,000. 



1,600,000 . 



1,700,000. 

1,800, coo.. 


. 1 , 49 ° 

r, goo, 000. 



2,000,000 . 


- £ _ 




1 ourteen is to be used, except as allowed under Rules 24 u and 40 'c. 


1 7. Switches, Cut-outs, Circuit Breakers, Etc — 

(Ear construction rules sec Nos . 43, 44 and45.) 

a. Must, whenever called for, unless otherwise provided (for exceptions 
sec No, 8 (■ and No. 22 c), be so arranged that the cut-outs will protect and 
the opening of the switch or circuit breaker will disconnect, all of the wires- 
that is, m a two-wire system the two wires, and in a three-wire system the 
three wires, must be protected by the cut-cut and disconnected by the oper¬ 
ation of the switch or circuit breaker. 

b. Must not be placed in the immediate vicinity of easily ignitable stuff or 
where exposed to inflammable gases 01* dust or to flyings of combustible 

c. Must, when exposed to dampness, either be inclosed in a waterproof 
box or mounted on porcelain knobs. 


CONSTANT-CURRENT SYSTEMS. 

Principally Series Arc Lighting . 

1 8. Wires.- 

(See also Nos 14 , rj and / 61 ) 

a. Must have an approved rubber insulating covering. (See No. 40 a) 

b. Must be arranged to enter and leave the building through an approved 
double-contact service switch (see No. 43), mounted in a non-combustible 
case, kept free from moisture, and easy of access to police or firemen. So- 
called “snap switches” mast not be used on high-potential circuits. 
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c. Must always be in plain sight, and never incased, except when required 
by the Inspection Department having jurisdiction. 

d. Must be supported on glass or porcelain insulators, which separate the 
wire at least one inch from the surface wired over, and must be kept rigidly 
at least eight inches from each other, except within the structure of lamps, 
on hanger-boards, in cut-out boxes, or like places, where a less distance is 
necessary. 

. Must on side walls, be protected from mechanical injury by a substan¬ 
tial boxing, retaining an air space of one inch around the conductors, 
closed at the top (the wires passing through bushed holes), and extending 
not less than seven feet from the floor. When crossing floor timbers in 
cellars or in rooms, where they might be exposed to injury, wires must be 
attached by their insulating supports to the under side of a wooden strip 
not less than one-half an inch in. thickness. 

1 9. Arc Lamps.— 

{For construction rules , see No . 4g .) 

a. Must be carefully isolated from inflammable material. 

b. Must be provided at all times with a glass globe surrounding the arc, 
securely fastened upon a closed base. No broken or cracked globes to be 
used. 

c. Must be provided with a wire netting (having a mesh not exceeding 
one and one-quarter inches) around the globe, and an approved spark ar¬ 
rester (see No. 50), when readily inflammable material is in the vicinity of 
the lamps, to prevent escape of sparks, melted copper or carbon. It is 
recommended that plain carbons, not copper-plated, be used for lamps in 
such places. 

Arc lamps, when used in places where they are exposed to flyings of easily inflam¬ 
mable material, should have the carbons inclosed completely in a globe in such manner 
as to avoid the necessity for spark arresters. 

For the present, globes and spark arresters will not be required on so-called ,l in- 
verted arc lamps, but this type of lamp must not be used where exposed to flyings of 
easily inflammable materials. 

d. Where hanger boards (see No. 48) are not used, lamps must be hung 
from insulating supports other than their conductors. 

2 . 0 . incandescent Lamps in Series Circuits, — 

a. Must have the conductors installed as provided in Rule No. 18, and 
each lamp must be provided with an automatic cut-out. 

. Mu^t have each lamp suspended from a hanger-board by means of a 
rigid tube. 

c. No electro-magnetic device for switches and no system of multiple- 
series or series-multiple lighting will be approved. 

d. Under no circumstances can they be attached to gas fixtures. 


CONSTANT-POTENTIAL SYSTEMS. 

General Rules—All Voltages. 

2 1 . Automatic Cut-Outs (Fuses and Circuit Breakers .) 

{See No. 77 , and for construction. Nos. 44 and 45.) 

a. Must be placed on all service wires, either overhead or underground, 
as near as possible to the point where they enter the building and inside 
the walls, and arranged to cut off the entire current from the building 

life 1 placed* 3 so ^as to protect t ^ the 0Ut -° ut re ^ ired 

b. Must be placed at every point where a change is made in the size of 

wire [unless the cut-out m the larger wire will protect the smaller. (See 
JNO. Io)j. 

c - y nst k® 1 Q plain sight, or inclosed in an approved box (see No 46), and 
fixtures' aocesslble - Th »y must not be placed in the canopies or shells of 
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J ° f incand f <*»t lam P R ' whether grouped 

than 1 sin amperes'‘shall' be^nendent P* ndants ' squiring a current of more 
tticin six ampcics snau oc dependent upon one cut-out Soeeiql -n^rmiQcin-n 

may be given in writing by the Inspection Department having jS ct oS 
tor departure irom this rule in case of large chandeliers g jurisdiction 

cmnacitvoftb ^ ^ pacit / °l which does »«>t ex- 
ccca uic an nvaoie carrying capacity ot the wire, and, when circuit breaker 

ahowal) e c Svhm-camidWof ^ ^ 0Ut thirt y P er cent above the 
stalled in the circuit ‘(Jet Z if ’ UI,leSS a fusiWe cut ' out is also in ' 

22. Switches. 

(See No. rj % and for construction. No. 43 ) 

a. Must be placed on all service wires, either overhead or underground 
in a readily accessible place, as near as possible to the point where the 
wires enter the building, and arranged to cut off the entire current 

b. Must always be placed m dry, accessible places, and be grouped as far 

jys&ufcttsr&ix? ” ptea ,h “ «■*•<& » 5, 

f. Must not be single-pole, except when the circuits which they control 
supply not more than six 10 candle-power lamps or their equivalent. 

/* of switches are used, whether with conduit systems 

r*. Mvl .°. ies l , nus | trt >e m< dosed in boxes constructed of or lined with 

fue lesistmg matei lal Where two or more switches are placed under one 
plate .the‘box must have a separate compartment for each switch No 
push buttons lor bells, gas lighting circuits or the like shall be placed in 
the same wall plate with switches controlling electric light or power wiring 

23. Electric Heaters. 

a if stationary, he placed in a safe situation, isolated from inflam¬ 

mable materials and be treated as sources of heat. 

i>. Must each have a cut-out and indicating switch (sec No. 17 a), 

r. Must have the attachments of feed wire* to the heaters in plain siodit 
cum!) accessible and protected from interference, accidental or otherwise. 

d, 1 he flexible conductors for portable apparatus such as irons etc 

must have an insulating covering (sic No. 40V, 3) 

e. Must each be provided with name plate, giving the maker’s name and 
the normal capacity m volts and amperes. 


LOW-POTENTIAL SYSTEMS. 

300 Volts or Less. 

Any circuit attached to any machine , or combination of machines , which develops a 
dijfe/entc of potential, between any two wires , of over ten volts and less than 
joa volts, shall be considered as a low-potential circuit , and as coming under 
the class, unless an approved transforming device is used\ which 'cuts the 
difference of potential down to ten volts or less. The primary circuit not to 
exited a potential of 3,000 volts. 

24 . Wires.-* 

General Rules. 

(See also Nos. rp, 13 and 16.) 

a. Must not be laid in plaster, cement or similar finish. 

b. Must never be fastened with staples. 

e. Must not be fished for any great distance, and only in places where 
the inspector can satisfy himself that the rules have been complied with. 

d. Twin wires must never be used, except in conduits, or where flexible 
■conductors are necessary. 
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. Must be protected on side walls from mechanical injury. When cross- 
ing floor timbers in cellars or in rooms, where they might be exposed to 
injury, wires must be attached by their insulating supports to the under 
side of a wooden strip, not less than one-half inch in thickness, and not less 
than three inches in width. s 

Siiitable protection on side walls may be secured by a substantial boxing retaining 
an air space of one inch around the conductor, closed at the top (the wires Dassintr 
through bushed holes), and extending not less than five feet from the floor • or bv a? 
iron-armored or metal-sheathed insulating conduit sufficiently strong to withstand" the 
strain it will be subjected to ; or plain metal pipe, lined with insulating tubing whirh 
must extend one-half inch beyond the end of the metal tube. ' lcl1 

r i ie P^e must-extend not less than five feet above the floor, and may extend through 
the floor m place of a floor bushing. y uirough 

pip 65 * are used with alternating currents, the two or more wires of a mVoni-t- 
musth* placed in the same conduit. iJthis case the insulation of eS wire must he 

O(SSh^^e£ tO ^ C0ndalttuWnar pr ° jeCting buyond the rads of the iron pipe at 

f. When run immediately under roofs, or in proximity to water tanks or 
pipes, will be considered as exposed to moisture. 

Special Rules. 

For Open Work (In dry places): 

Mu , st J iave an approved rubber or weatherproof insulation. (See No 
40 a and b.) v 

h. Must be rigidly supported on non combustible, non-absorptive insu¬ 
lators, which separate the wire at least one-half inch from the surface wired 
over, and they must be kept apart at least two and one half inches. 

Rigid supporting requires under ordinary conditions, where wiring along flat <uirf 



and may be supported at each timber only. 

I his rule will not be interpreted to forbid the placing of neutral of a three wire 

thrC "- Wire ^ llr<)Vid - 1 tlic^yutsuio^wiresSire^scparatod 

1,1 daW f/, a /i s : f, uf/ ‘ a f R/fWfries. Packing Houses , Stables, J)ye Houses, Paper or 
I alp Mills, or buildings specially liable to moisture or acid or other fumes 
liable to injure the wires or their insulation , except where used for pendants : 

l. Must have an approved rubber insulating covering (see No. 40 a). 

j Must be rigidly supported on non-combustible. non-absorptive insu¬ 
lators winch separate the wire at least one inch from the surface wired 
ovei, and they must be kept apart at least two and onc-half inches. 

Rigid supporting requires under ordinary conditions, where wiring over fhit snr 
faces supports at least every four and one-half feel! ’ if the wiris are Hablo to be 

crastrucU^^nrtfns^of^NvfVlfc SU>lds should , bu shortened. In buildings of mill 
be^separated ° r ri ' vur p w ,<Jr “ n ?t >iaW« t« be disturbed, may 

ll y 1 , tUDOm ro l 11 niches and run from timber to timber, not breaking around 
and may be supported at each timber only. 1 n ulJvin * *uounci v 

k. Must have no joints or splices. 

For Molding- Work: 

/. Must have approved rubber insulating covering (see No. 40 a). 

m. Must never be placed in moulding in concealed or damp places. 

For Conduit Work: 

n. Must have an approved rubber insulating covering (see No. 40 e). 
ductors? Se ° f concentnc wire (seQ Na 40 e) is recommended in preference to twin con- 

n0t be dr awn in until all mechanical work on the building has 
been, as far as possible, completed. 6 

p, Must not have wires of different circuits drawn in the same conduit. 

alternatl Jg systems, have the two or more wires of a circuit 
drawn in the same conduit. 

It is advised that this be done for direct-current system also so that thev miv V 
changed to alternating systems at any time, induction troubles DreventimJ suc^i a 

change unless this construction is followed. DiOS> prcvent,n ^ such a 
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For so-called Concealed Work: 

r. Must have an approved rubber insulating covering (see No a n 

s. Must be rigidly supported on non-combusHKi^ u ' * 

tors which separate the wire at least one inch from’the^urfar?*™ 6 i nsula " 

and must be kept at least ten inches apart, and, when possibfe^houWbe 
run singly on separate timbers or studding possioie, should be 

Rigid supporting requires under ordinary condi+ioTi«' w i,™ •• 

faces, supports at least every four and one-half fp2? S ’wiring along flat sur- 
disturbed, the distance between supports should be shortened* 16 Wires are liable to b ® 

When from th ® na j«e of the case it is impossible to place concealed 

wires^f'no^exrK^e'd'to'^oisture 31 "™? TOV ^ laSS ° r Po“ 

wires ir not exposed to moisture, may be fished on the loon svstem if ir, 

page 45 ) 0Ug “ 3PPr ° V C ° ntiMOUS flexible tubing or ffit (See 

For Fixture Work: 

u Must have an approved rubber insulating covering (see No ao d) and 
shall not be less m size than No. 18 , b & s. * v 4 h ana 

keot dKf < fte d « e 2Snd5 , S4?^* lly th ? SpHces to fixture wires - =>«st be 
kept clear ot the grounded part of gas pipes, and, where shells are used 

Sis reiuirement 6 COnStn,Cted in a fflanner affording sufficient area to allow 

o/abraded be S0 secured as not to be 

or aoraaea by the pressure of the fastenings or motion of the fixture 

25. Interior Conduits.— 

{See also Aw. 24 n to q, and 41.) 

Tubes or conduits are to be considered.aTracewaysf a^lre^notTo be reHed 
upon tor insulation between wire and wire, or between the wire and the ground 

,ndhbi U ln b d e ,fr°f t f 1U0US / r0m 0, f e j unction hox to another or to fixtures, 
and the conduit tube must properly enter all fittings. 

i installed as a complete conduit system, without the con- 

Cl tl c roi s. 

c. Conduits must extend at least one-half inch beyond the finished surface 

of wall » or ceilings, except that, if the end is threaded and a coupling 
sciowed on, the conduit may be left flush with the surface and the coupling 
may be removed when work on building is completed P * 

d. Must, after conductors are introduced, have all outlets plugged with 
special wood or fibrous plugs, made in parts, and the outlet then sealed 
with approved compound. Joints must be made airtight and moisture proof. 

grouncle^l ^ iave conduit permanently and effectually 


26. Fixtures. 


( See. also No. 24 u to w.) 


a. Must, when supported from the gas piping of a building, be insulated 
from the gas pipe system by means of approved insulating joints fsee No efi 
placed as close as possible to the ceiling. * ' 5 ; 

It is 1 count in 0 n d e c1 that the gas outlet pipe be protected above the insulating ioint 
by a non-combustible, non-absorptive insulating tube, having a flange at the lower 
end where it comes in contact with the insulating joint; and that, where outlet tubes 
are used, they be of sufficient length to extend below the insulating joint, and that they 
5‘ s<) secured that they will not be pushed back when the canopy is put in place. 
Where iron ceilings are used, care must be taken to see that the canopy is thoroughly 
and permanently insulated from the ceiling. * y 

h. Must have all burs, or fins, removed before the conductors are drawn 
into the fixture. 

r. The tendency to condensation within the pipes should be guarded 
against by sealing the upper end of the fixture. 
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d. No combination fixture in which the conductors are concealed in a 
space less than one-fourth inch between the inside pipe and the outside cas¬ 
ing will be approved, 

e. Must be tested for ‘'contacts ” between conductors and fixtures, for 
short circuits ” and for ground connections before it is connected to its 

supply conductors. 

f. Ceiling blocks of fixtures should be made of insulating material ; if 
not, the wires in passing through the plate must be surrounded with non¬ 
combustible, non-absorptive, insulating material, such as glass or porcelain. 


27. Sockets.— 


(For construction ?'ules see A T o 47.) 

a. In rooms where inflammable gases may exist, the incandescent lamp 
and socket must be inclosed in a vapor-tight globe, and supported on a 
pipe-hanger, wired with approved rubber-covered wire (see No. 40 a) soldered 
directly to the circuit. 

b. In damp or wet places, or over specially inflammable stuff, waterproof 
sockets must be used. 


When waterproof sockets are used, they should be hung' by .separate stranded 
rubber-covered wires, not smaller than No. 14 b. & S., which should preferably be 
twisted together when the drop is over three feet. These wires should be soldered 
direct to the circuit wires, but supported independently of them. 


28. Flexible Cord.— 

a. Must have an approved insulation and covering. (See No. 40 c.) 

b. Must not be used as a support for clusters. 

c. Must not be used except for pendants, wiring of fixtures and portable 
lamps or motors. 

d. Must not be used in show windows. 

sockef US ^ P ro * ec * :e( ^ ky insulating bushings where the cord enters the 

Must be so suspended that the entire weight of the socket and lamp 
W u be borne by knots under the bushing in the socket, and above the point 
\v here the cord comes through the ceiling block or rosette, in order that the 
strain may be taken from the joints and binding screws. 

29. Arc Lights on Low-Potential Circuits.— 

a. Must have a. cut-out (see No. 17 a) for each lamp or each series of lamps. 

The branch conductors should have a carrying capacity about fiftv tier cent in 
excess of the normal current required by the lamp to provide for heavv curreiU re- 
wires? wheii lamp 1S started or when carbons become stuck without over-fusing the 

b. Must only be furnished with such resistances or regulators as are in- 
C r 0 £ eC V n non “ COra bustible material, such resistances being treated as sources 
ol heat. Incandescent lamps must not be used for resistance devices. 

c. Must be supplied with globes and protected by spark arresters and 

dreufts ‘(See 1 Nofifanl 5“ ^ ““ ° f lightS ° n h ^-potential 

30. Economy Coils — 

* cora P enSa . t0r coiis , for arc lam PS must be mounted on 

n° ^ 11 nS^ 0: 9v absorpt ^ ve i hsulating supports, such as glass or por- 

and in # at Ieast one A nch between frame and support 

and in general to be treated like sources of heat. 


31. Decorative Series Lamps.— 

a^descent lamps run in series shall not be used for decorative pur- 
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HIGH-POTENTIAL SYSTEMS. 

300 TO 3,000 Volts. 

Any circuit attached to anv machine or comhinnH^ „ r ?• .. , , 

" differs 0/ potential, between anffiZlTffTATiofflt fffT 

the difference t of potential down to joo volts or less. ’ ™ ts 

32 . Wires.- 

(•Sce also A os. jy and 16.) 

a. .Must have an approved rubber insulating covering (See No in \ 

b : ““ 8t always in plain sight and never incased, except'where re 
quired by the Inspection Department having jurisdiction. p oere re - 

r. Must be rigidly supported on glass or porcelain insulators • 

the wire at least one inch from the surfacedoverand must be ken? 
apart at least four inches for voltages ud to Ten snd i J/L• , pt 

for voltages over 750 P ° 750 and at least ei S ht inches 

Sur"S wMng alon « flat 

sh™ldPrSS ( !: nUSmUly liabl ° l ° bo “-A*. the distance between supports 

In building’s <>1 mill construction, mains of No fin 0,0 __ 

to be disturbed, may be separated about six inches for V aE ° r ov . er ’ wber ® not liable 
inches for voltages above 7 w; and run vo m t mber ta 2 S Up ^Z 50 about ten 
and may be supported at each timber only. timber, not breaking around, 

//. Must be protected on side walls from mechanical iniurv bv a sub¬ 
stantial boxing, retaining an air space of one inch around the conduct-nrs 
closed at the top (the wires passing through the bushed holes) and extend¬ 
ing not less than seven feet from the floor. When cessing floor tubers' 
in cellars or in rooms, where they might be exposed to injury, wire^must 
be attached by their insulating supports to the under side of a wooden Ttrin 
not less than one-half an inch m thickness. mp 

33 . Transformers {When permitted inside buildings , see No. is).— 

{Nor construction rules , see No. 34.) 

a. Must be located at a point as near as possible to that at which the 
primary wires enter the building, ne 

b \ W[u 1 sfc b . e in an in closure constructed of or lined with fire-resistinc 

material; the inclosure to be used only for this purpose, and to be kept 
securely locked and access to the same allowed only to responsible persons. 

f: |^ lst * >e ^Gectually insulated from the ground and the inclosure in 
which they are placed must be practically air tight, except that it shall be 

to , V 10 ? utdoor air > if *«>&“ 7 or 

Hue. 1 heie should be at least six inches air space on all sides of the trans¬ 
former. 


34. Car Wiring— 

a. Must be always run out of reach of the passengers, and must have an 
approved rubber insulating covering. (See No. 40 a.) 

35. Gar Houses.— 


,a. Must have the trolley wires securely supported on insulating hangers. 

Must have the tiolley hangers placed at such a distance apart that 
in case of a hi oak in the trolley wire, contact can not be made with the floor 

zf. Must have cut-out switch located at a proper place outside of the 
building, so that all tiolley circuits in the building can be cut out at one 
point, and line circuit breakers must be installed, so that when this cut-out 
switch is open the trolley wire will be dead at all points within 100 feet of 
the building. The current must be cut out of the building wherever the 
same is not in use or the road not in operation. 

d. Must have all lamps and stationary motors installed in such a way 
that one main switch can control the whole of each installation—lighting or 
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power—independently of main feeder-switch. No portable incandescent 
lamps or twin wire allowed, except that portable incandescent lamps mav 
be used in the pits connections to be made by two approved rubber-covered 
flexible wires (see No. 40 a\ properly protected against mechanical injury • 
the circuit to be controlled by a switch placed outside of the pit. ’ 

Must have all wiring and apparatus installed in accordance with rules 
under Class “C” for constant potential systems. 

/. Must not have any system of feeder distribution centering in the 
building. 

g. Must have the rails bonded at each joint with not less than No. 2 

b. & s. annealed copper wire ; also a supplementary wire to be run for each 
track. 

h Must not have cars left with trolley in electrical connection with the 
trolley wire. 


36. Lighting- and Power from Railway Wires.— 

a. Must not be permitted, under any. pretense, in the same circuit with 
trolley wires with a ground return, except in electric railway cars, electric 
car houses, and their power stations, nor shall the same dynamo be used 
for both purposes. 


37. Series Lamps.— 

<7. No system of multiple series or series-multiple for light or power will 
be approved. 

b. Under no circumstances can lamps be attached to gas fixtures. 

EXTRA HIGH-POTENTIAL SYSTEMS. 

Over 3,000 Volts. 

A ny circuit attached to any machine or combination of machines , which develops a 
difference of potential , between any two wires , of over gooo volts, shall be 
considered as an extra high potential circuit , and'as coining under that class 
unless an approved transforming device is used , which cuts the difference of 
potential down to j\ 000 volts or /ess. ' J 


38. Primary Wires.- 

Must not be brought into or over buildings, except power and sub-stations. 

39. Secondary Wires.— 

. a i Must be installed under rules for high-potential systems, when their 
immediate primary wires carry a current at a potential of over 3,000 volts. 

. The high line insulation roejuired for extra high-potential current tends to make the 
insulation resistance between primary and secondary coils of transformers a coinpara- 

an d lightning discharges would be apt to take this path to the earth. 
With the piesent means of protection against transformer break downs and the conse¬ 
quent liability of secondary wiring being subjected to the strain of the primary cur¬ 
rent, it is not deemed advisable to permit a primary current with a potential of over 
3,000 volts without an intermediate step-down transformer. T'ho presence of wires 

°Xf r 3,or j° in the streets of cities and towns is 
also considered as increasing the fire hazard. 


Class D. 

FITTINGS, MATERIALS AND DETAILS OF 

CONSTRUCTION. 

All Systems and Voltages. 


40. Wire Insulation.— 

• a l Rubber , Covered.— The insulating covering must be solid, at least three 
sixty-fourths of an inch in thickness and covered with a substantial braid. 
It must not readily carry fire, must show an insulating resistance of one 
megohm per mile after two weeks’ submersion in water at seventy, degrees 
Fahrenheit and three days’ submersion in lime water, and after three min¬ 
utes electrification with 550 volts. (See page 44.) 
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b. Weatherproof.—' The insulating covering mnct , 

must resist abrasion, must be at least one snrtPPrf+n i st W°rt combustion, 
and thoroughly impregnated with f mature repehent^ “ thickness ’ 

c. Flexible Cord. —Must be made of two ctran^/i j , 

a carrying capacity equivalent to not less than' V each having 

each covered by an approved insulation and +d L 6 B ‘ & i S ‘ Wlre ’ . and 

tough-braided outer covering. ’ protected by a slow-burning, 

1. Insulation for pendants under thie rnio -u . . 

proof. S rule must be moisture and flame 

2. Insulation for cords used for all other 

lamps and motors, must be solid at least Jrft includ 3, rig ’,P ort . able 
in thickness, and must show an insulation tblrt P' second of an inch 
and between either conductor andtWround^ce between conductors 
per mile after one week’s submersion in at ea f t j De me S oflrn 

renhert and after three minutes’ electrification| 

etc.', must 38 ir0ns ’ 

as asbestos, which must be protected from rP U i, ed b y,* be . bea f such 
outer, substantial, braided covering and so arr a C nvfd C t a h a f n;,Ury t, by - al J 
strain will not be borne by the elecfrical connectiof ” echamcal 

d. Fixture Wire.— Must have a solicl insulation mH+v, o . 

.between either conductor and the ground of'"at leaconductors, and 
after one week’s submersion in wfteTattn 

-after three minutes’ electrification, with 550 volts. * ^anrenneit, and 

r. Conduit Wire. Must comply with the following specifications : 

r. for insulated metal conduits single wires and twin 
comply with Section a, of this rule twln CODductors m ^st 

Concentric wire must have a braided covering between the outer con- 
due tor and the insulation of the inner conductor and in aaaiti , 

comply with Section of this rule. COnauctor > and ’ m Edition, must 

2. for non-insulated metal conduits single wires and twin conductors 
must comply with Section a, of this rule; and, in addition have a 
second outer fibrous covering, at least one thirty-second of an inch in 
thickness, and sufficiently tenacious to withstand the abrasion of being 
hauled through the metal conduit or Dem £ 

Concentric conductors must have a braided covering between the 
outer conductor and the insulation of the inner conductor and com! 
with Section a, of this rule; and, in addition must have a second outlv 
fibrous covering at least one thirty-second of an inch in thickness and 

Ae me?ai y conduTt° US t0 Withstand the abraslon ofbeing hauled through 

41, Interior Conduits — 

{For wiring rules , see Nos. 24 and 2j.) 

a. Each length of conduit, whether insulated or uninsulated must have 
the maker’s name or initials stamped in the metal or attached thereto il t 
satisfactory manner, so that the inspectors can readily see the same. 

Insulated Metal Conduits: 

b * covering, or pipe, must be at least equal in thickness or of 

■equal strength to resist penetration by nails, etc., as the ordinary commer¬ 
cial form of gas pipe of same size. J cuumier 

c - ^ ust not be seriously affected externally by burning out a wire inside 
the tube when the iron pipe is connected to one side of the circuit. 

d. Must have the insulating lining firmly secured to the pipe. 

/ r . he . insulating lining must not crack or break when a length of the 
conduit is uniformly bent at a temperature of 212 degrees Fahrenheit 1o an 
angle of ninety degrees, with a curve having a radius of fifteen inches, for 
pipes of one inch and less, and fifteen times the diameter of pipe for larger 

jpi jp*0S« 
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f. The insulating lining must not soften injuriously at a temperature 

below 212 degrees Fahrenheit, and must leave water, in which it is boiled 
practically neutral. ' 

g. The insulating lining must be at least one thirty-second of an inch in 
thickness, and the materials of which it is composed must be of such a 
nature as will not have a deteriorating effect on the insulation of the con¬ 
ductor, and be sufficiently 1 tough and tenacious to withstand the abrasion 
test of drawing in and out of the same long lengths of conductors. 

h. The insulating lining must not be mechanically weak after three days’ 
submersion in water, and, when removed from the pipe entire, must hot 
absorb more than ten per cent, of its weight of water during io’o hours of 
submersion. 

i. All elbows must be made for the purpose, and not bent from lengths 
of pipe. The radius of the curve of the inner edge of any elbow not to be 
less than three and one-half inches. Must have not more than the equiva¬ 
lent of four quarter bends from outlet to outlet, the bends at the outlets not 
being counted. 

Uninsulated Metal Conduits: 

j. Plain iron o ? steel pipes of equal thickness, or of equal strength, to resist 
penetration of nails, etc., as the ordinary commercial form of gas pipe of 
the same size, may be used as conduits, provided their interior surfaces are 
smooth and free from burs ; pipe to be galvanized, or the interior surfaces 
coated or enameled, to prevent oxidization, with some substance which will 
not soften so as to become sticky and prevent wire from being withdrawn 
from the pipe. 

k. All elbows must be made for the purpose, and not bent from lengths 
of pipe. The radius of the curve of the inner edge of anv elbow not to be 
less than three and one-half inches. Must have not more’'than the equiva¬ 
lent of four quarter bends from outlet to outlet, the bends at the outlets not 
being counted. 

42. Wooden Mouldings.— 

(For wiring rules see No. 24.) 

a. Must have, both outside and inside, at least two coats of waterproof 
paint, or be impregnated with a moisture repellent. 

b. Must be made of two pieces, a backing and capping so constructed as 
to thoroughly incase the wire, and provide a one-half inch tongue between 
the conductors, and a solid backing, which, under grooves, shall not be less 
than three-eighths of an inch in thickness, and must afford suitable protec¬ 
tion from abrasion. 

It is recommended that only hardwood moulding 1 be used. 

43. Switches.— 

(See A T os. 77 and 22.) 

a. Must be mounted on non-combusiible, non-absorptive, insulating bases, 
such as slate or porcelain. 

b. Must have carrying capacity sufficient to prevent undue heating. 

c. Must, when used for service switches, indicate, on inspection, whether 
the current be “on” or “off.” 

d. Must be plainly marked whether it will always be visible, with the' 
name of the maker and the current and voltage for which the switch is 
designed. 

Must, for constant potential systems, operate successfully at fifty per 
cent, overload in amperes, with twenty-five per cent, excess voltage under 
the most severe conditions they are liable to meet with in practice. 

/. Must, for constant potential systems, have a firm and secure contact; 
must make and break readily, and not stop when motion has once been 
imparted by the handle. 
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g. Must, for constant current systems ,4™ 
nect the branch wires when turned “ofp 5 - must be^frnn < L 1 + CU1 + ^ nd discon - 
shall be automatic in action, not stoDDino- k a( - xx S0 construc t e d that they 

and must prevent an arc between the points under ah SL ? 11 sta il ed ’ 
must indicate, upon inspection, whether the current'be Ihey 

44 . Cut-Outs and Circuit Breakers.— 

(For installation rules , see A'os. 17 and 21 ) 

<i. Must be supported on bases of non-combustible non ■ 

latmg material. 1 Dle ’ 1:ion -absorptive msu- 

b. Cut-outs must be provided with covers whnr. .w . 

cabinets, so as to obviate any .langcr o| the ^Ited fusfmet 1 ,” ap P rov ? d 
contact with any substance which might be 4 ^ted thereby C ° miDg “ 

<*r *» li “ b !“««* r m«&. m aSt<SSHS»SSmS 

^ “»*■ •*•">» -=™ a a‘S 

d. Circuit-breakers must onerate successfnlKr , 

ditH,„s they arc hablc to meet withTn 

a 1 ,tty per cent, above the current, and with a voltage twenty-five nercent 
above that lor which they are designed. b y ve P er cent * 

<■ Must be plainly marked where it will always be visible with the 
ot the maker, and current and voltage for which the devme’is designed 

45. Fuses. 

(For installation rules , see Nos. 17 and 2/.) 

a. Must have contact sur f aces or tips of harder metal having perfect elec 
trical connection with the lusible part of the strip. ^ peuect eJec 

Ik Must be stamped with about eighty per cent, of the maximum current 

iSs;rs;s;::'"' r ' ■*» •*»* —**»»» -hsj 

With 11 aleed open 1 lines, ol ordinarv shanos .m/i . 

niiLvimu/n current, which will tmdl 1 hcVn in about 9 a P a city, the 

*1 uctfvity *t«"lu .^1 '’jtn.*l' ufU-ii' of fn.'iskll-VablSToluik™ 1 ^ 

^s';,w!y: lXi "" im tl ' ml, " niU,ri ' 0,1 " uoount of thu surroundingmatcriaTwWch heats 
M'his data is given 1 ,<> facilitate testing. 

r h'use terminals must be stamped with the maker’s name, initials or 
some known trademark. ’ ’ u 

46. Cut-out Cabinets. - 

a. Must be so constructed, and cut-outs so arranged, as to obviate anv 
(ianget of the melted litse metal coming in contact with any substance 
which might be ignited thereby. 

A suitable box can be made of marble, slate or wood, strongly put together the door 

^tronv if 1 * 1 S ° T lo ! H ‘ I )m ; leotl y dust tight, and it should be hung on 

sn 01 1 liiti/i .> and bold close by a si rong hook or catch. If the box is wood the inside 

should be mod wit h sheets nt asbestos board about one-sixteenth of an inch'in thick¬ 
ness, noi ly put on and 1 rmly secured in place by shellac and tacks Tl!e wires 
should enfeitlnough lades bushed with porcelain bushings ; the bushings tightly fitting 

the wire'' if rv l t rt ‘ s U ^) U ,Y thc bushings (using tapeto build up 

uk,, wu < , n nee.essai y) so as to keep out the dust. 

47. Sockets. 

(See No. 27.) 

a. No portion of the lamp socket, or lamp base, exposed to contact with 
outside objects, must be allowed to come into electrical contact with either 
conductor. 

l \ Mast, when provided with keys, comply with the requirements for 
switches. (See No. 43,) 
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48. Hanger-Boards.— 

a. Hanger-boards must be so constructed that all wires and current carry¬ 
ing devices thereon shall be exposed to view and thoroughly insulated by 
being mounted on a non-combustible, non-absorptive insulating substance. 
All switches attached to the same must be so constructed that they shall be 
automatic in their action, cutting off both poles to the lamp not stopping- 

between points when started and preventing an arc between points under 
all circumstances. 

49. Arc Lamps.— 

(For installation rules , see No. jg.) 

Must be provided with reliable stops to prevent carbons from falling 
out in case the clamps become loose. ^ 

b. Must be carefully insulated from the circuit in all their exposed parts. 

c - Must, for constant current systems, be provided with an approved hand 
switch, also an automatic switch that will shunt the current around the 
carbons, should they fail to feed properly. 

. T h e hand-switch to be approved if placed anywhere except on the lamp 
itself, must comply with requirements for switches on hanger-boards as laid 
down in Rule 48. 

50. Spark Arresters.— 

(See No. ig c.) 

a. Spark arresters must so close the upper orifice of the globe that it will 
be impossible for any sparks, thrown off by the carbons, to escape. 

51. Insulating Joints — 

(See /Vo. 26 a.) 

a. Must be entirely made of material that will resist the action of illumin- 
atiog gases, and will not give way or soften under the heat of an ordinary 
gas name, or leak under a moderate pressure. They shall be so arranged 
that a deposit of moisture will not destroy the insulating effect, and shall 
have an insulating resistance of at least 250,000 ohms between the gas pipe 
attachments, and be sufficiently strong to resist the strain they will be 
liable to be subjected to in being installed. 

b. Insulating joints having soft rubber in their construction will not be 
approved. 


52. Resistance Boxes and Equalizers.— 

(For Installation rules, see A r o. 4.) 

a. Must be equipped with metal, or with other non-combustible frames. 

The word frame in this section relates to the entire case and surroundings of the 
rheostat, and not alone to the upholding supports. ** 


53. Reactive Coils and! Condensers.— 

a. Reactive coils must be made of non-combustible material, mounted on 
non-cumbustible bases and treated, in general, like sources of heat. 

b. Condensers must be treated like apparatus operating with equivalent 
voltage and currents They must have nomcombustible cases and supports, 
and must be isolated from all combustible materials and, in general treated' 
like sources of heat. 


54. Transformers.— 

(For installation rules, see Nos. // and 3j.) 
a. Must not be placed in any but metallic or other non-combustible cases. 

55. Lightning Arresters.— 

(For installation rules, see No. 5.) 

a ' mounted on non-combustible bases, and must be so con¬ 

structed as not to maintain an arc after the discharge has passed, and must 
have no moving parts. 
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Class E. 

miscellaneous. 

56. Insulation Resistance — 

receptacles, etc, it «* 

Up to 5 amperes. 

>l io ** . .. °°o,ooo 

25 “■ ....2,000,000 

50 li . . b 00 Ooc 

too “ .. . . 400, co 

11 200 u . 200,000 

t 400 14 . .*.... 100,000 

4 4 8 o “ ...• • • • so,000 

1,600 ‘ ‘ and over. 25,000 

All cut-outs and safety devices in place in the above ° 

Where lamp sockets, receptacles and electroliers etc ar. 4 

one-half of the above will be required. ’ et a connected, 

57. Protection Against Foreign Currents. _ 

a. Where telephone, telegraph or other wires cormppt^ , 

l> ' Al } a , oi : ial conductors and underground conductors, which are direetlv 
connected to aerial wires, connected with telephone, telegraph dfcf-rirJ 
messenger, burglar alarm, watch-clock, electric-time and other similar in 
s fitments must be provided near the point of entrance to the building- with 
some approved protective device which will operate to shunt theLT™ 
ments mease of a dangerous rise of potential, and will open the circuit 
and arrest any abnormal current flow. Any conductor normally forming 
an innocuous circuit may become a source of fire hazard if crossed 
another conductor charged with a relatively high pressure 
Protectors must have a non-combustible insulating base, and the cover 
to be provided with a lock similar to the lock now placed on telenW 

apparatus or some equally secure fastening, and to be installed under the 
following requirements : Duer rne 

1 The protector to be located at the point where the wires enter the 
building:, either immediately inside or outside of the same If outside 
the protector to be enclosed in a metallic, waterproof case’. ’ 

fromv.? ? la + cein f. de . of building, the wires of the circuit 
horn the support outside to the binding posts of the protector to be of 

nowor aS 1S approved for service wires of electric light and 
^ J° and the lloles through the outer wall to be pro- 

teued by bushing the same as required for electric light and power 
service wires. s F WCI 

3. 1 he wire from the point of entrance to the protector to be run in 
accordance with rules for high-potential wires, z. <?., free of contact 
with building and supported on non-combustible insulators. 

•n ^’u £» roun d wire shall be insulated, not smaller than No 16 
B. & S. gauge copper wire This ground wire shall be kept at least 
three inches from all conductors, and shall never be secured by un¬ 
insulated, double-pointed tacks, and must be run in as straight a line 
as possible to the ground connection. 

Lhe ground wire shall be attached to a water pipe if possible 

a gas pipe. The ground wire shall be 
carried to, and attached to, the pipe outside of the first joint or coupling 
inside the foundation walls, and the connection shall be made by solder- 
mg, if possible In the absence of other good ground, the ground shall 
be made by means of a metallic plate or a bunch of wires buried in a 
permamently moist earth. 
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58. Electric Gas Lighting-.— 

Where electric gas lighting is to be usedj on the same fixture with the 
electric light: 

a. No part of the gas piping or fixture shall be in electric connection with 
the gas lighting circuit. 

_ b . The wires used with the fixtures must have a non-inflammable insula¬ 
tion, or where concealed between the pipe and shell of the fixture, the in¬ 
sulation must be such as required for fixture wiring for the electric light. 

c. The whole installation must test free from “ grounds.” 

d. The two installations must test perfectly free from connection with 
each other. 


59. Soldering Fluid.- 


a. 


The following formula for soldering fluid is suggested : 

Saturated solution of zinc chloride. 

Alcohol . ’ * * * ‘ * 

Glycerine. 


5 parts. 
4 parts, 
t part. 


Class F. 

MARINE WORK. 


60. Generators.— 

a . Must be located in a dry place. 

b. Must have their frames insulated from their bed-plates. 

c. Must each be provided with a waterproof cover. 

d. Must each be provided with a name plate, giving the maker’s name 
the capacity in voltage and amperes and normal speed in revolutions per 
minute. 


61. Wires.— 

a. Must have an approved insulating covering. 

conductors, e ^cept for portables, to be approved, must be at 
least one-eighth inch in thickness and be covered with a substantial waterproof and 

me “ pr ? of bra1 ?* physical characteristics shall not be affected by any change in 
temperature up to 20a degrees Fahrenheit. After two weeks’ submersion in salt water 
at 7° degrees Fahrenheit it must show an insulation resistance of one megohm per 
mile after three minutes’ electrification, with 55 o volts. s p 

b. Must have no single wire larger than No. 12 B. & S. Wires to be 
stranded when greater carrying capacity is required. No single solid wire 
smaller than No. 14 B. & S., except in fixture wiring, to be used. 

Stranded wires must be soldered before being fastened under clamps or bindine* 
screws, and when they have a conductivity greater than No. 10 B. & S. copper wire? 
they must be soldered into lugs. 1 wirc 

portables^ ^ Supported in a PP roved molding, except at switchboards and 

Special permission may be given for deviation from this rule in dynamo rooms. 

d. Must be bushed with hard rubber tubing one-eighth inch in thickness 
when passing through beams and non-water-tight bulkheads. " " 

, T St haVe .’ when passing through water-tight bulkheads and through 
all decks, a metallic stuffing tube lined with hard rubber. In case of deck 
tubes ^ they shall be boxed near deck to prevent mechanical injury. 

S P?i c . es or ta P s in conductors must be avoided as far as possible. 

. f ece - ss ^i y t0 them they must be so spliced or joined as to 

kTT “?S an 3 call y and electrically secure without solder. They must 

d T' if m . sure , PF eser Y atl0n ’ covered with an insulating com- 
pound equal to the insulation of the wire, and further protected by a 

proofcompound’ ^ ;|0Int mUSt then be coated or P ainted with a water- 
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62. Portable Conductors.— 

1 < 

a Must be made of two stranded conductors each „ 

capacity equivalent to not less than No. i 4 B & s' wire anri'°^ rrym § 
with an approved insulation and covering. ' S ’ and aclx covered 

Where not exposed to moisture or severe mechanic 1 iniuu,, . 

must have a solid insulation at least one-thirty second 3 of^n ^Wu t? ’ ai l%® d 1 COnductor 
must show an insulation resistance between conductor? , ch in thickness, and 

and the ground, of at least one megohm per* mifeafter ^ eithe ' r conductor 

at seventy decrees Fahrenheit and after three minute^ in wa , ter 

and be protected by a slow-burning, tough-braided outer covering ’ Wlth 500 volts> 

Where exposed to moisture and mechanical ini urv—as fo? i?^ f^ i 1 , 

fire rooms—each stranded conductor shall have a solid and 

at least one-thirty-second of an inch in thickness and 5 ° be a PP r °ved, of 

The two conductors shall then be stranded S braid, 

shall then be covered with a layer of flax, either a Wte fll] ! n §‘-. The whole 


63. Bell or other Wires.— 

a. Shall never be run in same duct with lighting or. power wires. 

64. Table of Capacity of Wires.— 


& S (l. 

Area Actual 

C. M. 

No. of Strands. 

Size of Strands 
B. & S. G. 

Amperes. 

m 

1,288 

' _ 



18 

1,624 

— 



17 

2,048 



3 

16 

2,58.1 

- w 


CL 

1 5 

3,257 

— 

_ 

. 0 

M 

4,107 , 

__ 


12 

Y nr 

IV 

6,530 

— 

_ 

— 

9.016 

11,368 

7 

7 

19 

18 

*7 

21 

— 

14,316 

18,08f 

22,709 

7 

7 

7 

! 1 7 

16 

1 s 

3° 

35 

— 

30,856 

38,0 r 2 

19 

19 

18 

17 

40 

5o 

60 


49,077 

19 

l6 


60,088 

37 

18 

70 

85 

' 

75 776 

37 

77 

100 

—« 

99,064 

124,928 

6r 

61 

18 

I 7 

120 . 

- " 

1 57-563 . 

6r 

16 

x 45 

T nirt 

— 

198,677 

61 

/I _ 

*5 

170 

200 


2,“|0,5 27 

OX 

14 

235 

- 

■*. y u , 307 

37 1,737 

4131639 

9 l 

9 T 

127 

15 

14 

T 5 

270 

320 

340 


. ^ fh e.itci conducting area than that of 12 B, & S. Gr. is reciuired the conductor 

c!r l « S V'^ , «V^ C< a senes 0 . f V n h Vt 61,91 or 127 wires, as may be ’required • the 

strand consisting of one central wire, the remainder laid around it concentricallv *elnh 
layer to be twisted in the opposite direction from the preceding. Uy ' h 


65. Switchboards.— 

d. Must l>c made of non-combustible, non-absorptive, insulating 1 material 
such as marble or slate * 

(>. Must be kept free from moisture, and must be located so as to be 
accessible from all sides. 

, Must have a main switch, main cut-out aud ammeter for each oren- 
erator. 

Must also have a voltmeter and ground detector. 

d. Must have a cut-out and switch for each side of each circuit leading 
from board. 
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66 . Resistance Boxes.— 

a. Must be made of non-combustible material. 

b. Must be located on a. switchboard or away from combustible material 

W hen not placed on switchboard they must be mounted on non-inflammable' 
non-absorbtive insulating material. uuammaoie, 

which they are°put 1StrUCted “ t0 a,1 ° W sufficient ventil ation for the uses to 

67. Switches.— 

a. Must have non-combustible, non-absorptive, insulating bases. 

b. Must operate successfully at fifty per cent, overload in amperes with 
twenty five per-cent, excess voltage under the most severe conditions they 

will h alwavs bo^vkible 111 .R ra t c , t,ce ' aild must be plainly marked where it 

™il4.SVucb fc'lwTS*• —«** b « —«“>« 

case WhGU ex P osed to dampness, they must be enclosed in a water-tight 


68. Cut-outs.— 

a. Must have non-combustible, non absorptive, insulating bases. 

d Must opeiate successfully under the most severe conditions thev are 
table to meet within practice, on short circuit with fuse rated at iiftv ner 
cent, above, and with a voltage twenty-five per cent, above the current mid 
voltage they are designed for. and must be plainly marked where they will 

aaasttjt&r* of *• 

d. In places such as upper decks, holds, cargo spaces and fire rooms a 
water-tight and lireproof cut-out may be used, connecting directly to mains 

tte“«S,uiy a C leat Ut SUPpHeS ° 0t more than ^ ^-candle power' lampsor 

c a ^o W sn e "^ aC h e b an r here except on switchboards and certain places, as 
P r r ' f h , cs ’ ^re-rooms, etc., where it is impossible to run from 

material^ dlMtnbunon ’ the y sha11 be in a cabinet lined with fire-resisting 

tit n<ftronn 0 nf f‘° t0rS ' sea F c . h - li g h ts and diving lamps shall be so placed 

° f ” ore th “ “ *“ 

69. Fixtures.— 

a. Shall be mounted on blocks made from well seasoned lumber treated 
with two coats of white lead or shellac. treated 

proofglobe exposed t0 dam P ness . th e lamp must be surrounded by a vapor- 

a ^oh?n^f^£°i S t d t0 “ ecban . ical injury, the lamp must be surrounded by 
a globe piotected by a stout wire guard. y 

which are I'AnnlA San ? e * grade of iosulation as portable conductors, 
wnicn are not exposed to moisture or mechanical injury. 

70. Sockets.— 

omside° ®°° ket or lam P kase exposed to contact with 

of the conductor^ 1 b ° al 0wed to come irito el ectrical contact with either 



JSA 'l 10 JSAIj electrical code. 


511 


71. Wooden Mouldings.— 

a . Must be made of well seasoned lumber and Kp ; .• j 

with at least two coats of white lead or shellac* inside and out 

Ik Must be made of two pieces, a buckine and a M nnin„ ^ . , , 

as to thoroughly incase the wire and provide a one hnlf ‘? construc ted 

tween the conductors and a solid backing which, under grooves°shall not 
be less than three-eighths inch in thickness. ^ ooves ’ snail n ot 

<\ Where moulding is run over rivets beam* 0 ■ , . 

first be put up and the moulding secured to this.’ *’ ckln S stn P must 

tt Capping must be secured by brass screws. 

72. Motors.— 

?■ Must 1’° ^ iR ‘ d . .‘he same precautions as with a current of 

volume and potential tor lighting. The motor and resistance bo" must he 
protected by a double-polo cut-out and controlled by a double pole switch 
except m cases wheie one-cpiarter horse-power or less is used * 

Tho leads or branch circuits should be designed to carrv a J i * 

rent, greater than that required hv the rated ^ ?,?IT en !; at lea ^ flf ty per 

inevitable overloading of the motor at times. " " ^ ' 1 lc motor to provide for the 

K Must be thoroughly insulated. Where possible, should be set on base 
fiamcs made_ f rom tilled, hard, dry wood and raised above surrounding 
deck On hoists and winches they shall be insulated from bed-plates bf 
hard rubber, liber or similar insulating material. p s Dy 

r Shall be covered with a waterproof cover when not in use 

c-un^vli/vok With , a !V lmo platc ; 8 ivin « makers name, the 

minute 1 ampeies and the normal speed in revolutions per 




AMERICAN INSTITUTE OF ELECTRIC\L 

ENGINEERS. 


New Yoek, September 29th, 1897. 

I he 118th meeting of the Institute was held this daf-P »i in 
M est 31 st Street, and was called to order by President Crocker 

HI n.JU P. M. • ' 

. Ti,k Secretary At the meeting of the Executive fV„n 

mittee of the Council, on September 15th, the following associate 
members were elected: * sociate 


Name. Address 

liLAOK Howard D. Salesman, Blackall & Baldwin 7 

West 19 th Si.; P. 0 . Box 267 
New York, N. Y. 

Blackadl, Frederick, tt. Selling Agent, Crocker-Wheeler 

Metric Co., P. 0 . Box 267 New 
York ; residence, Roselle, N. J. 


Graves, Ciias. B. 

Stout, George II 
Total 4 . 


Senior Student, Tufts College, 
Mass.; residence, Marblehead, 
Mass. 

Representative of Crocker-Wheeler 
Fleet rie Co. and Walker Co. 
Box 73 Atlantic Highlands, N.J.’ 


Endorsed by. 

s S. Wheeler. 

F. B. Crocker. 
Gano S. Dunn. 

S. S. Wheeler 
Gano S. Dunn. 
F. B. Crocker. 

J. R. Love joy. 
Sidney B. Paine. 
C. D. Haskins. 

C. S. Bradley. 

T. J. Smith. 

S. S. Wheeler. 


Ihk President:— 'Gentlemen, as I appear here rather as an 
ad vocate than as a judge, it is proper that I should not preside at 
Inis meeting. It may be necessary for me to take part in the de¬ 
bate. My connection with this National Conference on Standard 
Ildectrieal Judos ante-dated by more than a year my election to 
the presidency, and it was not practicable to sever that connec¬ 
tion—-certainly not before this meeting. Therefore I shall call 
upon Mr. Lieb, one of our Managers, to kindly take the chair 
Mr. Lieb then took the chair. 

1 hr Chairman :-—We will begin the presentation of the mat- 
ten* that is to come before the meeting this evening by the reading 
ef Dr. Crocker’s report. & 
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The Secretary read the following: 

American Institute of Electrical Engineers. 

REPORT ON THE 

“NATIONAL ELECTRICAL CODE.” 


The National Conference on Standard Electrical Rules met in New York City" 
on March 18 th and 19 th, 1896 . This body was composed of delegates repre¬ 
senting the various Electrical, Insurance, Architectural and allied interests, 
and had for its object the adoption of one Electrical Code to take the place 
of the many conflicting Codes then in existence. Representatives of the princi¬ 
pal electrical companies were invited to attend the Conference but it was decided 
at the meeting that these delegates should be made Associate Members and that 
the voting membership should be confined to the following Associations : 

American Institute of Architects. . 

American Institute of Electrical Engineers. 

American Society of Mechanical Engineers. 

American Street Railway Association. 

Factory Mutual Fire Insurance Companies. 

National Association of Fire Engineers. 

National Board of Fire Underwriters. 

National Electric Light Association. 

.Underwriters 5 National Electric Association. 

As a result of the labors of this Conference, acting in co-operation with the 
Underwriters 5 National Electric Association, a revised set of rules has been 
formulated to which the name “National Electrical Code” has been given, a 
copy of which is submitted herewith. This Code has already been adopted or 
approved by the following bodies : 

Factory Mutual Fire Insurance Companies. 

National Board of Fire Underwriters, 

National Electric Light Association. 

Underwriters’ National Electric Association. 

National Association of Fire Engineers. 

The influence already exerted by the Institute in this matter has been most 
important; in fact, it is no exaggeration to say that the Conference would have- 
failed to accomplish its object had the Institute held aloof from it. The re¬ 
presentative of the Institute was appointed Chairman of the Committee on 
Code, which performed the actual work of revising the Rules. The New Code 
contains many amendments in regard to the technical requirements, and in 
form it has been entirely revised. The latter fact is particularly important, as 
previous codes had. become a patch-work containing many repetitions and 
interpolations. This result alone is a sufficient reward for the labors of the 
Conference. It is not claimed that the Code is perfect, but it can be said that 
each word in it was carefully considered by a number of men representing the 
most diverse interests and points of view. If amendments are required in the- 
future they can easily be made, the new arrangement of the Code being specially 
designed to enable this to be done without injury to its general form. In view 
of the very great advantages to be obtained by the general adoption of one 
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uniform Code for the whole country ; the fact that it has already been auonted 
by the most important bodies represented in the Conference, and in order to 

ZtunZ =“ ““ »'“'»»«"'« the .1,J, 

1 "f te . 1 ’ y°” c!ele S ate earnestly recommends that the Institute 

give its approval to the - National Electrical Code.” This action need not be 

a.’ b ^£ , X u ?" ““ 

approve the Code as representing uniformity and co-operative actiom^One^ff 

the most mipoitant functions that the Institute can possibly perform is the 

encouragement and securing of the very uniformity which this Code so well 
represents. 

Respectfully submitted, 

XT xr FRANCIS B. CROCKER 

New York, Sept. 15 th, 1897 . ^ * 

Delegatt 


te. 


The Chairman : Gentlemen, you have heard the report read 
by the Secretary in which this new code is submitted for your 
considerat on and I will now declare the discussion open. I 
liu v it might be well, and also as a recognition of the labors 
which he has bestowed on this subject, to ask Mr. William J. 
Hammei if he will kindly open the discussion. 

Mr. Hammer : I would rather have kept quiet just now and 
listened to others. I would like to say however, that when Dr 
Crocker prepared his report as delegate from the Institute there 
were only four names which appeared of associations which had 
already considered and adopted the National Electrical Code, and 
at that time 1 sent a letter to the official delegates of the other 
live associations to find out what action if any their associations 
had taken, and how soon they proposed to take action, in order 
that I § might, perhaps, refer to it here. I at once heard from 
Captain Drophy that his association, that is the National Associa¬ 
tion of h ire Engineers, had unanimously adopted the code, and the 
notice was received in time to add it to the other four associa¬ 
tions which had already adopted the code. I have this evening 
received a letter from the representative of the American Insth 
tute of Architects, whom 1 had seen personally and who assured 
me that tlie matter would come before the Executive Committee 
of his association, and he gave most positive assurance of its adop¬ 
tion by the American Institute of Architects. His letter, which 
I received this evening, says: 


Youi favoi of the 23 cl X'oceived and contents noted. We did not succeed in 
getting’ a quorum to attend the last Executive Committee meeting of the Ameri¬ 
can Instil iito of Aichitects; but our annual convention is to be held in Detroit 
next week, preceded by the Board of Directors, at which time action will be 
taken upon the National Code. I have written a report to the convention and 
also to the Directors on the subject which I shall present at the meeting. 

Yours very truly, 

Alfred Stone.” 

And I might say that I also received this afternoon a letter of 
similar import from Mr. Frank K. Ford, delegate of the Ameri- 
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, 3 soeiation, who is entirely in sympathy with 

this matter, and who lias prepared his report for submission at the 
meeting of the American Street Railway Association in October 
and from what we hear, there is every reason to expect that that 
association will adopt the National Electrical Code. We have 
also received a very strong assurance from the association under 
whose roof we are now assembled and who courteously extended 
the facilities of their house as the official headquarters of the 
National Conference on Standard Electrical Rules. It was here 
that we held our meeting and had our discussions. It was here 
that the Code Committee met, and we as an association have re¬ 
ceived very great courtesies from the American Society of Me¬ 
chanical Engineers, and from what I personally have heard and 
from what Di. Cioclcer tells me, there is practically no question 

but that that association will approve the National Electrical 
Code. 

Tun Chairman:— We would be glad to hear from Mr. Sachs 

who, I understand, is prepared to discuss the subject under con¬ 
sideration. 

Mr. Joseph Saoiis : I did not come prepared to open the dis- 
cession upon this subject. Those who were more intimately con¬ 
nected with, the formulation of the code might more properly be¬ 
gin.^ X would like to come in at the end. There are various 
sections of this new code which admit of discussion. The effect 
of various changes that have been made in the n'ew, as dis¬ 
tinguished from the old code, might be discussed and some of the 
new featuies criticised, others perhaps lauded. Amongst the 
novelties, for instance, in this new code, is the permission given to 
use plain pipe and the recommendation, if it may be so called of 
automatic electro-magnetic circuit-breaking devices. These fea¬ 
tures stand out very distinctly, although' there are also quite a 
number or others. 

I)r. A. E. Kennelly:—I think that the Institute is to be con- 
giatulated upon the report that has been presented to it this 
evening.and upon the National Electric Code as it appears before 
us in print. W^e all know how much confusion has existed in 
tlie past from the co-existence of a variety of different rules not 
merely in different parts of the country, hut in different organi- 
zatmns of the same city.. I cannot help thinking that the fusion 
o ail pie-existing codes into a single code, if we can secure it, is 
so highly desirable, that we should do all in our power to bring it 
about. No doubt many of us may have our own ideas as to pos¬ 
sible improvements in this code, hut it seems to me that the ad¬ 
vantage of national uniformity outweighs any objections that 
can be urged against any particular rules. I may he permitted 
to say that at the time when the Institute was invited to enter 
this National Conference, I had fears that such a conference 
might bring the Institute into unpleasant relations with com¬ 
mercial associations, and that bad feeling and dissension in the 
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sir 


Iksitiutk might ensue T a™ r*wi + u i x1 , 
parently been' groundless, owiifo- i„ °Jl e ap ' 

tact and earn of the officer delected m> asu * e ; 110 doubt to 

at the Conference, and I third-i e P ies p^ ^ le Insthute 
,v,™„ t(> lia ’vo 

KI tf interests and so much vested andmdntestedcap! 
ital upon a single set of rules. I would mow t]ia , Pd P 

here presented be adopted by the Institute h J * , 41 re P ( f rfc 

minutes, and that the 1 National Electrical Code F!?m ? p0n tlG 
sented in pamphlet form be printed ; n rl t 6 dS lf 1S lele pre ' 
Mi, (Jang S. D, actions. 

n lllu ‘ st , heaitd) As Dr. Ivennellv lias said there are * 
number of things m the code a* % • , , e aie a 

n , .^7 111 LUC 00ue winch do not agree with the nmaa 

of a 1 <>i us. I»emg connected with the manufacture of electrical 

machinery, there are several items that, I would change but for 

the same reason I appreciate the value of the code because o’f h 

m.ifor,mt.y, and I cannot fully express how much I feel that it £ 

t esiiahle tor this Institute to approve this code and thereby as 
sist m supporting it. mmcoy as- 

nnJleh ( 1h na K(mriciv e tfT t T’ J ° U ,iaV ' S Jieard the tr '«tion 

miH, in in Ken nelly that the report of Dr. Crocker be re- 

mid mcidw! ' 10 ( r >( e a f' Cl,l,l P an Jing it be spread upon the minutes 
a ml the lormal approval of the Institute, and you have 

also heard the seconding of that motion by Mr. Gano 8 Dunn 

mot ion is nii t‘ t "F * 'TT"’ if !t is ^ 

motion is put to a formal vote. 

Mu. C (). Maiu.oux;—I note that in the latter.portion of 

adorin' k ,7UTu th , at “ This action need not be an 

the iniliviibril ° C(>< f W UC J l be in any manner binding upon 
t 7 , r . . U!IUtho Institute. All that is necessary is 
p ‘ 111u should approve the code as representing uni- 

that*'is'a a, ‘ ( C<, '° 1,0 . , ) 'f ive a<:tioi) ” Kow > gentlemen, I think that 
that is.i voiy sensible way to put it, and I think that all our 

action in this matter ought to be bounded and limited by these 

two sentences. That ,s all that the report asks, and I think that ' 

is all that we should give to it. It asks merely that the code be 

approved as an evidence and a step of progress in the direction of 

■md ktlX for '^l ,erat! 7 atiti01 >; .I" adopting it in that way 
and in that lotm we are not committing the Institute or itsmern- 

hers to any tacit approval of any of its contents, excepting in-so- 
tai as the said contents may recommend themselves to individual 
judgment, and may accord with personal experience as to the re¬ 
quirements which the particular individual in question may pos¬ 
sess. I regret that I have not been able to study carefully the 
rides. I ha ve just lately returned from abroad and I found natur- 
ally a great, deal to do, and two new sets of rules, on my hands 
one issued by the City Fire Department and the new one by the 
•National Foard of fire Underwriters. I have looked into the 
two sets only in-so-fur as it has been necessary for me to do so to 
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guide me in carrying out the work which I have had in hand. 
Consequently, I cannot say that T have intimateenough knowledge 
of the two sets of rules to he able to speak very exhaustively or 
to make any exhaustive commentary or criticism on either of 
them. I have been struck however with the thoroughness with 
which the City Fire Department rules have been worked up. I 
could not help noticing that they had gone into a good many 
points which are still "left obscure in the other rules", and that 
they rationalized certain points which had been always treated in 
a somewhat arbitrary and empirical manner in all previous rules. 
I may note, for instance, the fact of making the insulation resist¬ 
ance required, a function of the working pressure. I may also 
note the tact that the separation between conductors or their 
distance apart, is made in the city rules, a function of the pres¬ 
sure or potential to be carried by the wires, as it ought to be. 
This I understand from conversing with the parties who have 
prepared these excellent rules. These rules have been made not 
perhaps on a strictly scientific basis, but, as a means of reconcil¬ 
ing in a fashion that at least accords with the facts of experience 
and those of accepted practice, so as to produce rules which will 
not interfere too much with what has been done in the past, and 
at the same time will form a good guidance for what is to come 
in the future. Now, while I think that several of the excellent 
features in these City Fire Department rules, may apply more 
strictly to the work that is done in and about New York City, yet I 
also think that a complete, comprehensive code, such as a national 
code ought to be, should pay some deference to the good features of 
those rules. There are some points there which are very carefully 
discussed, rnoreespecialjyfor instance, inrelation to cut-outs, whether 
they be electro-magnetic or panel cur-outs or ordinary porcelain 
base fuse cut-outs, the subject being treated in a very logical, clear 
manner. There is also this very question of dynamo and motor 
installation which Mr. Sachs referred to. I find quite a variation 
between the two sets of rules. In New York City, for instance 
we are placed in the predicament of one rule asking us to insulate 
a dynamo and another rule asking us to ground it, and it would 
evidently be a difficult matter in a case of that kind to do what 
both ask. I remember once being asked under the old rules, in 
connection with a very large building not far from where we are 
now, to run wires in moulding with the capping left out. The 
next day another inspector came, and insisted, under the same 
rules that we must have it on. Of course I could not do it both 
ways. Finally, I had to. have a conference at which something 
like ten. different inspection authorities were present, and at which 
it was finally decided after several sessions, to do this and also 
other details in a certain manner, which by the way, did not par¬ 
ticularly follow the rules. Now, in relation to the installation of 
dynamos, to. take that point alone, (since I have not sufficient 
familiarity with the rules, as I have said to go into it more deeply), it 
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seems to me that some reference m’urht i , 

particular kind of dynamos—whetlieMihev -p lee ?. " ,ad © to the 

pressure or low electrical pressure whef-hJr tf f °'i e!e ctrical 
central stations or for isolated Z’Js 1 thinRt^ T^ f ° r 
deal of difference. With the present rUvo^f ^ ma ^ es a great 
it is a physical impossibility to insulate wir}in~ C fnnected ^^ namos 
■chanical integrity and stability and it is aW ™ 6 u f 5ent . to me ‘ 

cases an impossibility to provide an insulated nl ° r 6S8? ln lnail 3 r 
So what is one s o,„l Jdo"? One s ™rfSen~ Z" d ‘Tl 

better ground them. I incline to tlm nn ,'„' o&® st:s that we had 

rules may be about right, for an i so h ed XT' ?*“ Set ° f 

tials, though the circumstances may bequTte diff !„ il P ° ten ' 
tral station and for h ; gh potentials ' I o, , erent in a cen ' 

?3ie“S tmder'dl >le, ‘ “‘"X Wi«3S?i,‘to 

ri -X i t 

=ns tv: tvtt 3 Xr“r 

places. Therefore gentlemlnThope ? y 3X“ t l°e°3 
take some sort of action which, while expressing our comment 
tion and approval of the beautiful work wi>ich has heen 
tins committee, will not nevertheless commit us in such a manned 
as to coin pel us either tacitly or in any other way to ah Drove the 
ru es and compel us to stick to them to the dis JS^menSXfer 
rules that may have a greater priority of action and neater force 
upon us. In a municipality like New York for instance especi 
ally after it becomes Greater New York, it may become’a ques¬ 
tion as to which of the sets of rules shall have' priority over^the 
other I myself believe that these matters should be entirely 

— f municipality, and that all other rules should be 
subseivicnt to mumeipa) rules. It is certainly very desirable 
that there should he only one set of rules, and as the municipal 
government assumes to dictate and prescribe rules in relation to 

V f n U dl X S g. enorall J' a nd all details which affect pub- 
e lift and public safety, itseemstome that it can also be prepared 
and competent, or ought to be, and that it is within its legitimate 
province, to institute rules and prescribe regulations which apply 
to safety in electrical matters as well as in others. That bein'o' 
my view of the matter, I would certainly dislike to be placed in 
a position where I must disobey one in order to obey the other 
1 want to be placed in a position where I can obey the two. 

With regard to the rules which are not exactly apposite or 
which appear to be somewhat absurd or which include regula¬ 
tions that are not entirely adequate, 1 may state that those things 
to a great extent cure themselves. Let a rule be issued which is 
incompetent or which is not consistent, and it does not take long to 
■discover flaws in it; and the “ breach ” soon becomes more 
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honored than the “ observance,” because the observance becomes so 
ridiculous and so absurd that it is no longer insisted upon. Con¬ 
sequently I do not look for very much trouble on the score of 
rules which are not perfect. No one can expect perfect rules. 
All that I would ask is that iu regard to those rules which are not 
consistent with other rules, (where one is placed in the position 
of having to defer to various authorities), that there should be no 
binding action whatever compelling one to obey one set in pref¬ 
erence to any other set. 

Mr. IIammkb:—M r. Chairman.— Referring to Mr. Mailloux’s 
remarks about insulation of the machine, 1 would like to call at¬ 
tention to the two sections in the two codes so that you will note 
how closely they arrive at the same conclusion, the National 
Electrical Code says: 

“ Must be insulated on Hours or base frames, which must be 
“ kept filled to prevent absorption of moisture, and also kept clean 

and dry. Where frame insulation is impracticable, the inspec- 
“ tion department having jurisdiction, may, in writing permit its 
“ omission, in which case the frame must "be permanently and ef¬ 
fectively grounded. A high potential machine which, on ac- 
“ count of great weight or for other reasons, can not have its 
“ frame insulated from the ground, should be surrounded with an 
“ insulated platform. This may lie made of wood, mounted on 
“ insulating supports and so arranged that a man must always 
“ stand upon it in order to touch any part of the machine.” 

Now the City Fire Department rules cover that point in this 
manner. 

‘‘Must each have the frame permanently connected to ground 
“ unless surrounded by an approved insulating platform which 
“ will be required for all generators of over tf<)6 volts. Platform 
“ must be of sufficient size to prevent personal contact with gen¬ 
erators except from platform.” 

It seems to me they are synonymous. 

Mr. Maidloux :—1 think they are far from being synonymous. 
The national rules have a string'tied to the permission for’ doing 
it while the city rule says distinctly it is only for machines of a 
certain potential. It brings in the important point 1 made that 
the question whether the machine should be grounded or not de¬ 
pends upon the pressure of the machine which is to be installed. 

I think of the two rules, no one who is familiar with installation 
work will doubt or dispute that the city rule is much tiie more 
logical, consistent and perfect. 

Mr. C. M. Goddard They say that faint heart never won fair 
lady. I suppose the fair lady we are after to-night is uniformity 
of rules. There does not seem to be any difference of opinion on 
the subject that uniformity of rules is an extremely desirable 
thing. We never shall get uniformity by discussing the details 
of the rules in a meeting like this to-night. I have been very 
closely connected with this matter of rules as far as the under- 
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writer, are concerned, and for the last .even years I have labored 

wrS TdonrfhX mlJ among the under- 

w e b. 1 do not believe there are many gentlemen here excent 

idTreali/c tile® diffi W i th th ® National Conference, 

JL.® ® theUnderwHt?. 7 * if We had to secure sueh uniformity 
amon^ t le imdei wnteis. It was worse really than the effort to 

secure uniformity among^ah the different interests that are con¬ 
nected with electnc installations. There are a great many more 
independent boards of underwriters, than there Ire national asso¬ 
ciations which have been working on these rules, and every board 
of underwriters had its own code of rules. Of course some of 
t lem agreed and some of them did not, and we had to get to- 
ge- id* and the majority had to win the day, the minority had to 
yield. There are portions of these rules that I do not agree with 
f, . * t J-hey are not very essential points, but there are many 

tilings m the mles that I would like to see changed and in our 
meetings of the delegates we discussed those points and I did my 
best to get them changed, but if I was outvoted that ended it un¬ 
til the next meeting. There are details in these rules to-day that 
probably we shall want to change within a year. There are un 
doubtedly points in the New York City Fire Department rules 

■j , j l * • ^ you cannot put them into the 

rules at this, meeting. Ihere are a number of bodies that are 
connected with the getting up of these rules and you are only one 
of them. 1 he time to make changes is when w r e have our next 
general conference. If there is anything wrong with these rules 
it is sure to come out, and we are sure to find it out and it is sure 
to be recognized and they will be changed. I believe that the 
American Institute of Electrical Engineers to-night has an 
extremely important,—I was going to say duty, I will call it func¬ 
tion, to perform. I would rather see these rules approved by 
this Institute than by any of the other bodies represented in 
the Conference, and I do not mean with any string to the ap¬ 
proval either. I want to see Dr. Kennedy’s motion go through. 

I want the American Institute of Electrical Engineers to 
take a stand one way or the other, and either say that they will 
or that they will not approve the rules. I do not want them to 
say that they approve of uniformity. Of course we all approve 
of uniformity. We will never get uniformity unless we have 
something to start with. You have got a set of rules here which 
represent the best efforts of delegates who were supposed to be 
competent to represent the various national bodies which were 
collected together in the National Conference on Standard Kules. 

I have some personal knowledge of the amount of labor that 
these gentlemen put into this work. The rules were submitted 
and re-submitted, they were studied over and worked over. The 
wording of them has been worked over and studied over and they 
have done the best they could. They believe they present some¬ 
thing to you to-night that is better than anything that has been pre- 
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sented to you be tore. I think these gentlemen here present 

believe that. They do not believe it is perfect, they do 

not say it is perfect, but they do believe it 'is a 

step in the right direction, and that we have <n)t to 

take that step before we will ever advance a second step, and 
i hope that the Instituth to-night will take these rules as they 
are, and not go into the details unless they find glaring errors and 
I do not believe they can find those. I do not believe that there 
are any glaring errors in these rules ; if there were they would 
certainly have been discovered by some of the representatives who 
have been at work on them, they would have been discovered 
when they were presented to the National Electric Light Associ¬ 
ation. I am sure that we will get nearer to uniformity by adopt¬ 
ing (lie rules which have come from the representatives of these 
nine national associations connected with electrical work, than we 
can by accepting any other one set of rules whether it he that of 
the New 1 ork City Fire Department, or the Plimnix Fire Office 
of England, 01 whatever they are. I believe that your delegate 
to the Conference presents to you here to-night a set of niles 
which is in advance of any other as a, whole," and I believe tint 

tho giiiitluinid] here t, if they ... etecly the* ™i„e “ 

wcic <18 himiliai with them as I am, and I think I can ,sh y ad vis- 
<Hily that I do not believe there is anybody that is more familiar 
with them , I have read the proof of these rules at least ton times 
<lining tlioii punting, besides having seven years experience on 
the previous rules, working on them as Secretary of the Under¬ 
writers Association—if they were as familiar with these rules as 
they might he, they would* find that those differences which they 
claim exist, could he explained a,way in just the same vi r ay that 
Mi. Ilammei has explained the difference between the Now 
y oik City lules and the .National Code in regard to the around- 
ing oi genet<itoz fiiuncs. I lie Inspection Department luivino 
jurisdiction—-which is it? Wluit is it? If it is in New York 
Oity it may be the Fire Department of New York Oity, it does 
siot say the Underwriters* inspection department, it says ■ ■ the in¬ 
spection department hwing jurisdiction.” The National' Code 
gives permission to the inspection department having Jurisdiction 
to allow the omission of frame insulation if you find ir, impractic- 
able. I think tliat any man would fed ‘that it was imprac¬ 
ticable to disobey a city ordinance. The New York City Fire 
I)epai tmerit rules say you mast ground your generator, and the 
National Code says you may —there are reasons from the under¬ 
writers standpoint why if a generator can be insulated from the 
ground we prefer it, hut we realize perfectly the absolute .impos¬ 
sibility ox the direct-connected machines, the heavy machines not 
being grounded. It would be worse than if they were grounded 
and all we say is in such eases, ground them, and ground them 
I’HOKOugixi.v. I do not believe you will find so many differences 
m the rules as you may think on the first reading, and I do hope 
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that whatever the Institute does to-night, the members will 
coine out fairly and frankly and say either yes or no. 

Dr. Cary T. Hutchinson I think the last speaker ignores 
the entire difference between the position of the Institutk- -md 
that of the underwriters. It is the function of the underwrite™ 
to secure the greatest possible safety in all work, so as to diminish 
as fai as possible the fire risks and the consentient losses* that i j 
the interest of the body is chiefly one of dollars and cents. The 
Institute, however, should take a broader position, and should 
concern itself with the engineering features, and should not en¬ 
dorse any plan which involves bad engineering, even though it 
may seem to increase the safety of the work. & 

I agree with the previous speaker in saying that these rules 
should receive the approval of the Institute, yet I think this ap- 
pioval should be qualified by some form of recommendation lead¬ 
ing to the modification of certain rules, which I think involve 
unwise limitations on the engineering points, without any corre¬ 
sponding increase in the security of the work. To illustrate rule 
12, section n, provides, ‘ For the diminution of electrolytic cor¬ 
rosion of underground metal work, ground return wires'must be 
so arranged that the difference of potential between the grounded 

dynamo terminal and any point on the return circuit will not 
exceed 25 volts.” 

As this rule stands, no engineer will be permitted to lay out a 
trolley system involving a maximum loss of more than b% in the 
ground return. It seems tome obvious that this is an unwise 
limitation, and is entirely too sweeping in its scope. 

Ivulo 31), b notion it, reads, “Secondary wires must be installed 
“ under rules for high potential systems when their immediate pri- 
“ mary wires carry a current at a potential of over 3000 volts.” 
This rule refers to what are classed as extra high potential sys¬ 
tems, that is, over 3000 volts in a primary. Under this rule 
when _ direct transformation is made from', say, 35()0 volts to 
anything below 300 volts, the secondary wires must be run on 
porcelain insulators, separated at least four inches and in plain 
sight. _ This practically prohibits the use of such secondary 
wires in any building. 

The only alternative is to make a double change from the 3500 
volts, or whatever it may be, to the secondary ; that is, to install two 
sets of transformers. This would involve a very considerable in¬ 
crease in cost, would sometimes require space which is not avail¬ 
able, and would greatly increase the complication of the sys¬ 
tem. 


The explanation following this rule indicates that it was framed 
to apply chiefly to danger from lightning striking the high pres¬ 
sure overhead wires. It does not seem that underground circuits 
were considered at all, yet it is plain, the rule would apply to high 
pressure underground feeders run in conduits. The rule also 
implies that the insulation of the transformers is the weakest part 
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of the system ; whereas at the present day, I think that most 
engineers would agree with me in saying that the insulation of 
the transformers is the strongest part of the system. 

The engineering plan excluded under this rule, is now in use in 
almost all of the high pressure plants in the country. For instance 
at Sacramento, Portland, Fresno, Pelzer, Columbia, and at other 
places that I do not now recall. Should this rule be adopted, all 
such work would be prohibited. ’ 

I have talked with several members of the Conference regard¬ 
ing^ this rule, and can find no one who remembers any discussion 
on it. It seems to have escaped the notice of those present. 

These two rules illustrate ray position in saying that the Insti¬ 
tute should not endorse bad engineering. I have no doubt that 
there are other rules of similar character. I think, therefore 
that Dr. Kennelly’s motion should be amended, so as to provide 
for the re-eonsideration of such rules as these, while endorsing 
the National Electrical Code as a whole. ° 

Tine CiiArrtMAN : — I see we have with ns this evening Mr. A. 
H. Henderson, Chief Inspector of the New York Fire Depart¬ 
ment. ^ May we hope to hear from Mr. Henderson in further¬ 
ance of the discussion ? 


Me. Aijcx. Henderson:- -I am not in a position to discuss 
these rules here to-night, gentlemen. I did not expect to be 
called on to take any active part in the discussion this evening. 
I came simply as a guest of the Institute, and for that reason I 
may not be able to go very thoroughly into detail. There is ap 
parontly an impression that there is a vast difference between the 
rules recently published by the Fire Department, and the rules 
published by the National Board—the National Electrical Code 
which we are now discussing. As I understand the matter, I do 
not see that there is any great difference between the two sets of 
rules. A great deal of care was taken in drawing up the munici¬ 
pal rules, to follow the principles of the National Electrical Code 
and to so express those principles as to make feasible rules and 
to make them apply to the work that is being done in New York 
City, realizing that no set of rules that was national could be ap¬ 
plied locally for all classes of work. We have work going on in 
New York City that requires different expressions and different 
interpretations of rules, and we have taken the old national code 
and endeavored to interpret it and amend it to suit the require¬ 
ments of to-day in New York City only, without any reference 
whatever to national work, or work in other sections of the coun¬ 
try. I do not think that the municipal authorities have any de¬ 
sire -to do anything but follow the principles laid down in the 
National Electrical Code. If there was any evidence of any such 
desire I should certainty be one of the first to combat it, because 
I think that the National Electrical Code that was first published 
in 1892 is one of the grandest pieces of work that was ever put 
into print so far as electrical installation is concerned. I think 
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that national code covers the entire ground in a wide, broad form 
but it certainly can be modified and can be amended to suit local 
conditions. I do not think that the framers of the code intended 
in fact I am positive that they did not intend the code as printed 
to-day to cover the requirements of every city in the country. 
Iheie ate vaiious statements that you find in it, that certain 
rules must be left to the decision of the local inspection board or 
local boards or bureaus having jurisdiction. 

Mr. Hammer : — [ would like to add a word to what Mr. Hen¬ 
derson has said. A similar condition of affairs existed in the city 
of Boston. Captain Brophy, who was the expert of the Com- 
missionei of Wiies there, brought up before the Code Committee 
of the National Conference certain points which he felt their 
local conditions necessitated taking cognizance of, and there was 
quite a lively discussion for some time upon those points which 
Captain Brophy brought up. Mr. Goddard was there at that 
meeting and he will appreciate it. And finally Captain Brophy 
realized that the question of recognizing one single standard code 
was of such^ tremendous importance that these local conditions 
need not affect the situation at all, and his association was pre¬ 
pared then to recognize the National Electrical Code and the 
suggestions governing certain local points there were put in as an 
appendix to cover points which, as Mr. Henderson said, are 
purely local conditions which they have to deal with; and it 
seems to me that should be done here, and I am very glad to hear 
Mr. Henderson express himself so strongly in favor of the recog¬ 
nition of the National Electrical Code, because I think that the 
Fire Department will also recognize the National Electrical Code 
and that we will have but the one single code here in New York 
as well a,s throughout the country. 1 It is only a short time ago 
that we had four or five of them here. The Edison Illuminating 
Company had their code, and they had tlieir own inspection. 
Mr. Fremont Wilson who represented an independent set of in¬ 
surance interests adopted the National Electric Light Association 
Code and used that. The New York Board here, practically 
adopted the rules of the National Board of Fire Underwriters. 
But they introduced modifications, making ^quite a different code 
in certain respects, and then the City Fire Department came in 
as a new element with its set of rules, so that there were four or 
live different sets. Now it is self-evident that that sort of thing 
introduces immense complications, causes immense loss of time 
and money, and much inconvenience and annoyance. Everyone 
here must recognize that this code is not absolutely perfect, but 
we must stick to the main point which is the recognition of some¬ 
thing that will represent uniformity and be the standard code; 
and I think that Mr. Goddard and the insurance men here will 
■support me in stating that anyone, whether he is an electrical 
man or an insurance man, or represents any allied industry, who 
desires to bring his recommendation or criticisms, before those 
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who will hereafter control the future editions of the National 
Code, will receive respectful attention, and if I am not mistaken 
Mr. Goddard said a little while ago u they are bound to receive 
recognition/’ I do not think there is any doubt of that. 1 am 
very glad this discussion has taken place, because the matter was 
taken np at our meeting at Greenacre, Maine, and as there was a 
comparatively small attendance thereat the time, Dr. Crocker and 
m} r self and others objected to its being discussed at that meeting 
and requested that the matter be deferred to a special meeting 
here in New York City, in order that no one might feel that 
there was an attempt to force this thing down anyone’s throat, 
but that it should be thoroughly discussed and that the Institute 
would act only after an intelligent discussion of the subject. 

Mr. Goddard:— Mr. Chairman,— I would say one word in re¬ 
ply to what Mr. Hammer has said in relation to the meeting of 
the Underwriters Association. The Electrical Committee of the 
Underwriters Association is composed of twelve, I think, but if 
any of you attended our meetings you would not know there 
was any committee. We usually have from forty to fifty present 
at the meetings, and never in the five years that the association 
has been in existence and the Electrical Committee been meeting 
have we taken a vote of the com/?mttee. Every gentleman who 
is present is given the full privileges of the floor and of voting. 
It has not been confined to the underwriting interests, as Mr. 
Henderson of the New York City Fire Department and Mr. Cole 

i\ir tx Department, and Mr. Stern of Denver, and 

Mr. Haskins of Chicago, have been present at those meetings and 
taken part in the discussion and voted just the same as though 
they were members of the committee, and we should be glad *to 
see every member of the Institute at our meetings, and if you 
will all come we will manage to find a room big enough to hold 
you. I do not suppose you all will come. I wish more would 
come. It is certain that for our December meeting, invitations will 
be sent in some way to all of the societies which have been rep¬ 
resented in the National Conference to be present at the rneet- 
ing of the committee and to take part in the discussion and in 
thevotmg. They .will undoubtedly be accorded the full privi- 
eges of the committee, and that is the time to make changes in 
the rules You cannot do it here That is the time to bring up 
the diffeient points in the rules. It is usually done by taking 
the rules up section by section. We start at the beginning, and 
we read the fust section and ask if there are any suggestions or 
improvements to be made and go right through the rules one 
after another in that way, and we have done that year after year 
for the last five years, and it was the result of these amendments 
or changes being hitched onto the different rules that made the 
re-codification of the rules necessary, and that alone has been 
worth all the work that has been put into the whole conference. 
Unifoi mity is woith all the work that we could 6vev put into it. 
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But the re-codification is worth a great deal. It has brought the 
rules up to date so that they are intelligible and up to the present 
practice m electric installations. But every gentleman here mav 
lest assuied that he will be welcome at our next December meet¬ 
ing. . e lope not to make many changes then in rules that have 
been issued such a short time, but any important changes that are 
called ioi, of comse will be made, and the gentlemen will be wel¬ 
come to discuss the rules and to vote on the changes and there* 
are enough members of the Institute to outvfte’the twelve 
membeis of the Itlectrical Oommittee of the Underwriters I am 
sure. 


Mu. S. Dana Greene:— It seems to me that Dr. Hutchinson 
has indicated the proper course for the Institute to take with 
reference to these rules. As he says I do not think anyone will 
dispute ith the othei gentleman who has spoken as to the tre¬ 
mendous advantage in having one uniform set of national rules 
recognized by the various underwriters’ associations as well as 
by engineers and manufacturers. But I do think that the Ins¬ 
titute should have a proper regard for itself with respect to 
technical points,_ and that some action should be taken by it to 
study the rules from the engineering standpoint to see whether 
they have any recommendations to make for changes. I quite 
agree with Mr. Goddard that it is impossible to take rules which 
are as extensive as these, and which have taken so long to pre¬ 
pare as these to take them in one night or a couple of days and 
be able to discuss them intelligently. But I think that the point 
raised by Dr. Hutchinson with reference to high potential cir¬ 
cuits is very well taken, and that neither the engineer nor the 
manufacturer interested in the high potential power transmission 
installations of to-day is worried about the insulation of the trans¬ 
former. He worries less about that than about any other part of 
the line, and it seems a very great hardship on a company in¬ 
stalling the transmission line, that it should be obliged either to * 
observe all the precautions of high potential wires on the second¬ 
ary circuits or else introduce a double loss by introducing another 
set of transformers. I am not clear as to whether the National 
Conference is to be continued as a body to which suggestions and 
recommendations can be made for the changing of these rules, 
and I should he very glad to have some information on that sub¬ 
ject. It seems to me, however, that it is the duty of the Insti¬ 
tute, while approving these rules as they stand, so that they may 
be passed upon officially by the Institute, to appoint a commit¬ 
tee of competent engineers to stnjjy these rules carefully so that 
they can suggest any modification which from the engineering 
standpoint, should be in the opinion of the Institute adopted,, 
and if the National Conference is to he a continuing body to 
which suggestions of that kind can be made, I should like to 
make a motion, if it is in order, that a committee of that kind be 
appointed to study the rules and to make such recommendations 
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at a later meeting as they see fit. I move that as an amendment 

that the rules be approved, and that a committee he appointed 
simultaneously. r 

JVTu. 1 1 amm i',u . X suppose it is necessary in this connection to 
answer Mr. Greene’s question about the Conference and also to 
explain the first pages in the special edition of the code, and the 
fact that it is printed as a special edition. When the National 
Confeienee met in this room it held a session of two days and 
then adjourned, leaving the matter of the preparation of tile code 
m its final shape in the hands of a code committee of seven, with 
the 1 resident, ex-officio, a member of that committee, and they 
were to report hack to the Conference, and a motion was made 
that the date of the calling together of the Conference should he 
left to the discretion of the President. The Code Committee 
represented the principal associations that are represented in the 
National Conference. After they had prepared the code and it 
had met with their unanimous approval, the question came as to 
the advisability of calling the Conference together as a body If 
you will look over the list of names that are given there of d.ose 
who attended the previous meetings of the Conference, you will 
see that they came from all over the United States. To have 
called those gentlemen together again would have necessitated a 
good deal of inconvenience and time, merely to receive the re¬ 
port of the Code Committee and practically endorse their findings 
which undoubtedly would have been done. After consulting the 
various gentlemen who attended the meeting of the Conference 
it was decided that it would he unnecessary and inadvisable to 
cal the Conference together as a body, and the code was then 
published, by the National Hoard of Fire Underwriters and 
through its courtesy the facilities of its printer were extended 
to the National Conference on Standard Electrical Rules 
and this special edition was printed, in order that those who 
took part m _the Conference and particularly those who eontri- 
)uted financially to assist its work, should know what was done 
wit i the money that was appropriated, and in order to bring to a 
satisfactory conclusion the work of the Conference, the special edi¬ 
tion of the code, also includes the reports of the officers and Code 
Committee, together with a list of those who took part in the 
Gonteience, and it has been understood among the members of 
+1 l( ; C « <le Committee and others who have discussed the subject, 
that it was inadvisable to call the Conference together at'any time 
m the immediate future; we felt matters could he safely left in 
le lands of the National Hoard of Eire Underwriters oil condi¬ 
tion that they would do as they said that they positively would do, 
throw their meetings open to anyone who has any interest in 
criticising and discussing and improving the National Code, and 
that at any time in the future, whether it be near or far, if the 
occasion should arise when it would seem to he advisable to call 
together the National Conference again, that these various associ- 
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SonaTlv" 1 77,1^7 t< f lth<,r *° **• «#». 

J. cibonall), as, the presiding officer of the National Confer- 

ence ’ \ do ^I'eve that will he necessary, and it seems to 
me that matters should be left to stand as it hi seemed best in 
the judgment ot the gentlemen identified with the Conference to 
allow them to stand, and therefore I do not think that the mem- 
>e , 1 ' st , ) the Conference expect to he called together or will he 
called_ together in the immediate future, and if this proposed 
comm.ttee is appointed, which I think is an admirable suggestion 

Te, !^ r ‘ |' l p 0ne , s ’ 7 < I !. t ' 11 ' '’^commendations should be made to the 
National hoard < > (~ hire Underwriters. 

Tan Chairman:— Before having any farther discussion on Mr 
Greene s amendment I would like to ask if Mr. Greene’s motion 
lias been seconded. 

Mu. Hammer .—I would like to second that motion, in-so-far 
as it ielates to the appointment of tlie committee, if he would 
make that as a separate motion. 

ifiih Chairman As 1 understand it, Mr. Greene offers an 
amendment to the original motion, which has been seconded by 
lii. Ilammei, that the code of rules as presented,be received and 
adopted by the Institute and that a committee be appointed from 
the Institute to receive suggestions as to desired modifications 
of the rules, that committee to report to the National Conference 
or th(‘ National Board of Fire Underwriters at their next meet¬ 


ing. 


Mr, Orkknk:—You have not got my motion quite right, Mr. 
Chairman if* you will excuse me. Mv suggestion was that this 
committee should be a committee of ’the Institute to report to 
the Institute as to whether it, the Institute, should recommend 
any changes in these rules: if so, that the changes should he 
made. In making that motion tasked the question which Mr. 
Hammer has now answered, whether the National Conference 
was a continuing body, and it seems to me that that was an im¬ 
portant; part of the proceedings here to-night. If the rules which 
have been formulated by the National Conference consisting of 
nine associations, of which the National Board of Fire Under¬ 
writers is one, are to he adopted, it seems to me that that organi¬ 
zation should bo continued, to consider any possible modifica¬ 
tions, because it hardly seems proper that the National Board of 
Fire Underwriters, however good their intentions may be, and 
however competent they may be to revise these rules, should 
have sole say with reference’to their revision, when they have 
been adopted and passed upon by eight other national organiza¬ 
tions, as well as the Underwriters’ Association. It does seem to 


me therefore that the National Conference should be kept intact 
as a body, and that it should he called together periodically, or 
whenever occasion requires, by the President of the Conference; 
and I move an amendment to Dr. Kennelly’s motion, that the 
rules he approved by the Institute as a whole, and that a com- 
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mittee be appointed by the Council to report to the Institute at 
a future meeting any revisions whieh in their judgment are de¬ 
sirable, and whieh should be recommended to the body originat¬ 
ing and formulating the rules. 

Mr. Majlloux : — I would like to move an amendment to Mr. 
Greene’s motion by inserting after the word “ approved;” the fol¬ 
lowing sentence: u In the sense suggested in Dr. Crocker’s report.” 

Mr. Greene: — I accept Mr. Mailloux’s amendment, and I would 
like to say with Dr. Crocker that all that was necessary is that 
the Institute should approve the code as representing uniformity 
and co-operative action. I think that is what Mr. Mailloux had 
in mind. 

Mr. Sachs: — Mr. Chairman,—The main function of a set of 
rules is to set down certain principles and not to dictate the 
style, quality or economy of the construction adopted. It is ut¬ 
terly impossible to codify all the various views of those interes¬ 
ted, in regard to each specific class and style of construction. 
Each particular type of construction or installation work may he 
governed by certain essential considerations. This code for 
instance, has been evolved by representative men who are thor¬ 
oughly familiar with the needs of the day. One of our own 
most prominent members, in fact our President, has represented 
this Institute, and I think that he has been most thoroughly 
competent in the discharge of his duties. Notwithstanding this 
fact, when it comes to the question whether these rules agree 
with all the other national rules, we will find that they certainly 
do not. While perhaps certain lines are followed, yet there are 
details which may modify the basic idea in the wrong direc- 
tion. The desired code must he safe, hut not essentially econom¬ 
ical, or in keeping within any specific construction ideas. As Mr. 
Goddard has said, these rules are not infallible. They contain 
elements that he himself does not in fact think are correct. But 
they give us to a great extent a certain basis of operation which 
can be handled and moulded afterwards to suit general conditions 
as they come up. A uniform code throughout the country can 
only he possible, if every interested body adopts the same basic 
law which may be modified to meet specific cases, but should not 
be changed in any one particular case. It appeared to me that 
some of these possible modifications might be discussed here, but 
probably this work can best be done by a committee as sug¬ 
gested. 

Dr. Hutchinson :—Mr. Greene’s amendment implies the con¬ 
tinuing existence of this National Conference, since it says: 
“That the Committee shall report to the body making the rules.” 
"We have just been told that the Conference is not a continuing 
body, and therefore, it seems that there is no body to which this 
committee could report. 

Mr, Hammer: —1 do not think the gentleman has been told 
that. If within a week, the gentlemen who took part in the 
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National Conference decide that a meeting should be called, as 
I am still in the ( -hair, I should feel it incumbent upon me to call 
that meeting at once, and if a report of that kind is sent to the 
National ( onteionee, it would certainly come before myself as 
president or beiore Mr, Woodbury as Secretary and be submitted 
t<> those gentlemen who are associated with the National Confer¬ 
ence and it will then probably be sent to the National Board 
oi Mie l ndei \\ rifers -but there 1 ! would be no difficulty 
about that, nor should there be in finding out where it could 
he sent. 

Thk Chairman :~~I understand then that that National Con¬ 
ference or tin* ( ode Committee of it is still inexistence? 

Mk. Hammer: The National Conference on Standard Elec¬ 
trical Rules has never been dissolved. It has as yet not been 
called together for that purpose. 

Thu (hi mum ax: -I think that is a sufficient answer to Dr. 
Hutchinson. 

I)r. lit iohinson : It seems to me that the re-assembling of 
the Conference is purely a matter of grace, and not a matter of 
right. Mr, U name's amendment would imply the approval of 
tin* rules, coupled with tin* possible opportunity of modifying 
them when the Chairman of tin* Conference sees fit to call 'that 
hodv together again. There is no assurance that the Conference 
will meet again. 

Tin*; Chairman : I understand Mr. Hammer as President of 
the Conference to say that In* would be prepared to call a meet¬ 
ing at any time. 

Mr. 11 ammkr : — At any time; within a week, ora month ora 
vear. 

Dm Hutchinson: -Understand me, I do not oppose the ap¬ 
proval of these rules. I intend to vote for their approval, but I 
wish them to he approved in such a way that the Institute will, 
have left to it a clear and definite plan, by means of which 
certain obnoxious rules can lx*, modified. I think the appoint¬ 
ment of this committee is a cumbersome way to accomplish this 
object. The mutter should be left in the hands of the Council, 
f, therefore, think Mr. Greene’s amendment inadvisable. 

Dr. Kknnkcey: I think that I voice the general sentiment in 
saying that nearly all of us are in favor of adopting the report ; 
hut some of us are in doubt as to the consequences of such action. 
No set of rules can be perfect, and even if the members of the 
Institute were appointed to frame such a code of rules, there 
would no doubt be dissentient opinions. The approval of this 
code of rules by the Institute as a body does not of course mean 
that, each individual rule receives the unqualified endorsement of 
the Institute. Besides, changes in rules must come in agrowing 
science and art, smdi as ours, and we may reasonably hope that 
such changes will steadily eliminate from the rules all require¬ 
ments which may prove to be imperfect engineering. I hope, 
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therefore, that the rules, as they stand, may meet with the hearty 
approval of the members at the present time. 

The Chairman:— We will now proceed to put the original 
motion of Dr. Xennelly’s as amended by Mr. Greene and re¬ 
amended in part by Mr. Mailloux. Will you kindly read that 
motion. 

The stenographer read the amended motion as follows: 

“ That the report which is here presented be adopted by the Institute, be 
spread upon the minutes, and that the National Electrical Code, as it is here 
presented to us in pamphlet form, be printed in the Transactions; that the rules 
be approved by the Institute as a whole, in the sense suggested in Dr. Crocker’s 
report, and that a Committee be appointed by the Council to report to the Insti¬ 
tute at a future meeting any revisions which in their judgment are desirable and 
which should be recommended to the body originating and formulating the 
rules.” 

The amended motion as read was then adopted. 

Mm. Goddard : — I would like to say just one word in correc¬ 
tion of what Mr. Hammer has said in speaking of the National 
Board, of Fire Underwriters. He should have spoken of the Un¬ 
derwriters’ National Electric Association, as it is their Electrical 
Committee that has charge of the rules for the National Board, 
and it might perhaps interest the members here to note that three 
members, Messrs. Merrill, Fitz Gerald and French, of the Code 
Committee of the National Conference, are members also of our 
Electrical Committee, so that your Code Committee always has a 
pretty good representation there, and if we attempt to do any¬ 
thing that is very, very bad, I think Mr. Hammer, as President 
of the Conference, would hear of it. 

Mr. Hammer : — Mr. Chairman, before we adjourn, I would 
just like to say one word— I intended to say it before, and that is 
to congratulate the Institute on its appointment of Dr. Crocker 
as Chairman of the Code Committee, as no one whether connec¬ 
ted with the National Conference or outside of it can appreciate 
his disinterested work and his energy and ability more than I, 
and in going to the various meetings, held in New York, Boston 
and elsewhere, and holding.conferences with him on many occas¬ 
ions, I have been in a position co know that Dr. Crocker has 
given an immense amount of his time, and sacrificed his personal 
interests, and even his own health to the worries and anxieties of 
this code, and it has been a very difficult piece of work, and pos- 
sibly you gentlemen who see it printed in this shape do not real¬ 
ize all tins. A great deal of that burden has fallen on the Chair¬ 
man of the Code Committee, and I feel that it is no more than 
just, to say this at this time in approval and endorsement of the 
earnest and disinterested efforts of Dr. Crocker in this direction. 

The Chairman : Gentlemen, after this rather lengthy dis¬ 
cussion 1 think we all of -us heartily appreciate the efforts that 
have been made by the Institute’s representative, and I should 
be very glad to entertain a motion that the Institute pass a vote 
of thanks to Dr. Crocker for his work in this direction. 

[Mr. Mailloux rose.] 
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1 SUZf tS d , ol “f Ma ?°" x “ 

sentative of the underwriters as well as, membTof a “SsmoC 
and as their representative I feel that I would like to m^f fS 

^x u “d?ro d u ra vr 

every respect, and I move you, sir, that the Institute do 
to Dr. Crocker, the delegate to the National Conf i frS 
this Institute, a hearty vote of thanks for the labors whichX 
ha^bestowed on that work in preparing this - National Electrical 

Me. Mailloux :—Mr. Chairman, I would like the privilege of 
seconding that motion, because I want to have Dr Crocked feet that 
I appreciate to the full limit this work, even though I claTm riS 
privilege of having opinions of my own which mafditferTome 

he^l Ze Ihis 1": «J of Drlcrocter S 

ne Jias aone tins particular thing well, because he does well everv 
thing that he does,-as well as he can, earnestly and tru He 
is known to all of us as a hard worker and a man who is terribl v in 
earnest—perhaps too much so-about everything he does a man 
without fear or favor, and who tries to do his “dead level” “est 
every time. In this case the gratifying reports which we bean 
rom the people that have been associated with him in this work 

selverfnrelatton toT ti0U f th ® observations we have made our- 
• eJ es m relation to his work, and I want to testify to mv deen' 

sense of appreciation of the earnestness and thoroughness he has 

Xi e D, C f Pa n tlCU l ar u WOrk - 1 can ^ersfand the diffi! 
tW ruVea C ~ cker , has ^d to contend with in working over 
ese i ules. I have been troubled by indigestion and loss of sleep 

many times from underwriters’ rules and I have to do with them 
possibly as much as any member of the Institute. My work is M 

se C ouen a tlv r T b ™ gS ^ “S"** 8 intact with them. Con¬ 
sequently, I can appreciate any effort that is made to improve 

them and any good work that is done in behalf of better rules. 

e-ood^ork he b^ rf Ve Certa , 1U i ly had S ood opportunities to seethe 
good work he has done, and knowing the personal character of 

+Sn C !? C iT 80 T i ? 1S ean j estness and devotion and zeal in any¬ 
thing that he undertakes, I feel sure that no comment could be 

? ° r t0 ° f b U f praise f0r the worb lie has done at 
tins time. I may not, at present, be disposed to accept all his 

conclusions, but I certainly commend his efforts, admire his ap- 

plication, and applaud liis ability and energy. " 

The CiiAmMANGentiemen, yon have heard the motion 
1 gives me paiticnlar pleasure to put, that the thanks of 
the Institute be extended to Dr. Crocker for his able and excel¬ 
lent work as representing the American Institute of Electrical 
Engineers on the Code Committee. Those in favor please say aye. 

I he motion was carried unanimously. J ’ 
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The Chairman : — Before asking for a motion to adjourn, I 
hope Dr. Crocker will take the Chair and put that motion him¬ 
self and favor ns with any remarks, as we have not heard from 

i * ^ 

mm. 

Dr. Crocker : — (In the Chmr). Grentlenien, I am deeply 
grateful to you for your very hearty expression of thanks to me. 
I must confess, however, that it is somewhat tinged by a feelin^ 
that the action taken by the Institute is not what I should have 
liked to see done. I am sorry to have to make that statement, 
but I feel called upon to do so, because in my opinion the mat¬ 
ter deserved better treatment. While in my own report I said 
that no binding adoption was called for, I think a much more 
clean-cut approval could have been made, hlven now I do not 
know whether the Code is to be printed in the Transactions. 

Mr. Hammer:— -Certainly. 

The President If not, I should certainly suggest a motion 
that it should be, because the discussion will appear in the Trans¬ 
actions and I think the Code will stand comparison with the 
discussion. 

[ Adjourned ]. 


NATIONAL CONFERENCE ON STANDARD ELECTRICAL' RULES. 

12 West 31st Street. 

New York, Dec. 10th, 1897. 

Ralph W. Pope, Esq., Secy. Am. Inst. op Elec. Engineers, 

26 Cortlandt St., New York. 

Dear Sir:— In printing the report of the meeting at which the ‘‘National 
Electrical Code was discussed and approved by the Institute I trust that 
cognizance will be taken of the fact that in addition to the sii Associations 
whose names were given as having already approved of the Code; that approval 
was subsequently given by the three (3) remaining organizations i. e. the 
American Institute of Architects, the American Street Railway Association 
and the American Society of Mechanical Engineers * 

Respectfully submitted, 

WILLIAM J. HAMMER, 

President of National Conference 

on Standard Electrical Rules. 
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Discussion in Chicago. 

Ztr, 0 / "V**""* w 

Boom of the Am.““Sotrj!t f 

September 29th, 1897. at 8 o’clock 6 1 D °v® J Chicago, Ill., on 

The. discussion was opened with Mr. A. THibbtf in 7e 

the consideration of meeth^ to-ni^hf father J e . have fo f 
matter for ns as members, and for all nf „ a w , • important 

wiring, or the operating »d ineMltllf” T i° T!!““ ” 
ate in hndxng in these rules which hnv» i . ? ai , e fo rt ™- 

resnlt of a number of ineetin^ wlSl 1 * unu ? lied us, the 

the past year, and compiled by the deleo'ateff.f e " leld dlinn g 
ciation, from the Ameican 

Society of Mechanical Enoinepro ti , 0 a . ec fo ttie American 
Association, and representatives of the insurance 

interests There are a great many rules ofven but I tp 
reading them we will find that flioi A ' e fo . t> 1 flunk m 

modifications in niany instances ^n^ showi'u^ 13 ^ ^ ormer rules, 

many others, ft will not be dossiEIp Z g ^‘‘P^veineiits in 
time of this discussion, to take them ^ 0 ^“ or'plTbv 

page. In a general way, however, and in the interests of the !l 
rions men,hers, it will be possible to considei then " *'* 

We are fortunate m having at our meetino- to teofo ,_ . *, 

Mr“w r il )f vr he wlli " eh these mles were formulated 

Mr W. If. Merrill, ot the Chicago Underwriter’s AssS?ofo“r 

fc u1 1 1lC ’ adter )T e lia '' e . llea V d from some of our members in a o-’en- 
eia way on the subject, it will give ns all a great deal of nleas" 

is? w s=& 3 r = HE 
~ w“x rr«,r,s z 
CSu rir.it ere e ™^ 1 ,;te »^ 

--Mbi. Tii. II. I iekce t —I did not ©xnpcf fn no ii j , 

start up the discussion, for I have not taken any time tomake 
special preparation for it, and had no warnim/ I am a l ttte 
ashamed to acknowledge that I have not followed up the recent 
discussions and papers that have been written on this subject 
Theie has been so much written on this question, and everyone 
has had so much to say about it, that I really got tired of trvteo 

ar the wifidr.ri emH 

le “- Ia . f recent changes, I am sure 1 don’t know. 

the Won W + t ardl T tLe T t0 8ta , rt the discussion to-night, for 
the 1 eason that the only way to get what is really a good discussion 
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—that is, the pros and eons of a subject of this hind, is to 
start up a strong spirit of antagonism and oppose the rules. That 
would awaken the champions of the cause, and would bring out 
a discussion. I have in the past put myself in such a position 
that I could not consistently play the role of an op poser. I hope 
there is some one here who lias some interest, from a commercial 
point of view,—some one who will take exception to parts of 
these rules, because we have a good champion in Mr. Merrill to 
bring out all there is to say on the other side. The only thing 
that 1 have heard againt the rules lately, was said by a manufac¬ 
turer of wire. lie said he sold hut very little of his highest 
grade of wire, because the rules specify a long list of wires, and 
a customer who wants to wire a building is told that he must use 
one of the wires designated by the underwriters. Instead of 
stating a certain make, the customer simply says that it must he 
a wire specified by the underwriters. This gentleman told me 
that as a result, the cheaper grades of wire" have become still 
cheaper; that they make them as cheap as they can be made 
and put on the market, and on account of this demand for an in¬ 
ferior product, he sells more inferior than high grade wire. The 
moral to all this is that we should not look upon the h'lectrical 
Code as being a complete sjx'ei.p'mtiov. 1 think that we are all 
very glad, those of us who have occasion to draw up specifica¬ 
tions, to have something which governs as well as this Code does, 
all branches of the work in a general way. It is only a few 
years ago, when, in writing up specifications, nineteen-twentieths 
of the specifications consisted in a description of methods and de¬ 
vices necessary to secure safety, and it was simply covering in a 
poor way and in many words what is covered' in a very good 
way, and in a few' words in this Code. Now, instead of writing 
fifteen or twenty pages of details, we simply say: “ Such and 
such things must he in accordance with the latest edition of the 
National Code.” 


But the architect and the man who wants to put in a plant or 
installation, without any specifications, simply states the capacity 
of his plant and machinery, how many lights he wants, and then 
states that the work must hedone according to the National Code, 
and thinks he has done the whole thing, I think if I were to 
make any criticism at all, it would be "on the way the Code is 
used ; it is used often for something for which it was not de¬ 
signed ;—that is, it was not intended to take the place of specifi¬ 
cations. The engineer and the architect are supposed to take 
care of them. If I understand the object of the Code it is to se¬ 
cure safety to those who handle and 'use the electrical energy, 
and there is little that can be added in the specifications now in 
the way of securing safety excepting in the selection of such ma¬ 
terials and methods as are particularly adapted to the special 
conditions. If engineering work couid be classified so that we 
would have a certain number of cases and designate them, so we 
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could find Case No. 1 and use such and such material Case No 
2, use so and so, it would be different. But it has been mv ex¬ 
perience that every piece of work, where you try to get the'best 
results for the least money, is, to a certain extent, a special case. 
Whereas the Code, of course, treats every kind of a case in a 
general way of course it does not and cannot particularize in 
these special cases. This may be a small point to dwell upon 
hut I have in the.past spoken so enthusiastically of the Code aud 
acted as its champion among central station men and others whom 
its requirements have hit in the pocket, that I have not left very 
much ground on which to stand to criticise it. I hope that there 
may be some one here who has given the matter more thought 
than I have, and who will start a discussion which will brino- out 
the views of both the friends and the opponents of the eodef 
J.Hii Chairman . X think that the remarks of Mir. Bierce 
have brought out a tangible point or feature which underlies all 

m e ™ eS ivr and m S -n ^ brou g ht U P one point of criticism, possi- 
bly Mi. Men ill will help us out, as these points are brought ut>. 

It he can answer that particular point now and some other point 
latei on, as it shall be brought up, it will save his time, and en¬ 
able us to take it up while it is fresh in our minds. 

Mb. W. II. Merrill :—I know that Mr. Pierce, as the author 
of a work on the National Electrical Code, and also as the 
author of a paper on this topic read before the Northwestern 
Electrical .Association, can hardly be expected to start out and 
criticise the rules. lie overlooks the fact, however, that the list 
ox wires is not published in this book. The rules, as he states 
weie formulated solely along the lines of promoting safety, and 
were, not intended to cover specifications that an engineer should 
be called on to supply. The rules governing safety do not take 
into consideration whether a man puts in a machine that is twice 
too large for his plant, or not. Every installation needs an en¬ 
gineer in addition to an inspection under this Code. The engin¬ 
eer may do the inspector’s work, but the inspector cannot do the 
engineer’s 

Mr. A. V. Abbott:- -The tendency of civilization is, it seems 
to me in every direction towards specialization. In savagery 
each man supplies his own wants and furnishes himself by his 
own labor, with all that he needs. With the progress of civili¬ 
zation, however, the time soon arrives when it is imposssble for 
each individual to supply his increased diversity of wants, and 
humanity splits into divisions, each one selecting some different 
line, or avocation, and becoming therein an expert, while succeed¬ 
ing generations elevate the particular branch to a higher point 
than the majority of his competitors. Thus, as a result we 
presently learn to depend largely upon the labors and efforts of 
others for the supply of our multitudinous desires. In no di¬ 
rection is this tendency more marked than with engineering. It 
is barely 20 years ago since civil engineers were the only members 
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of the profession, whereas now the art has been sub-divided, 
and electrical engineers, mechanical engineers and sanitary en¬ 
gineers share the honors with the older members. Such a sub¬ 
division is particularly necessary in engineering, for during the 
last few years, the scope of the profession has broadened to such 
an extent as to make it impracticable for anyone to become even 
a partial expert along all lines. This is markedly the case in 
dealing with electricity, for in electrical lines we are handling a 
form of energy that is comparatively new, one in which experience 
is exceedingly limited. It is a particularly subtle and elusive 
form of energy, and while on the one hand these very qualities 
enable it to be handled and made subservient to the welfare of 
mankind in ways impracticable with other forms of energy, it is 
on the other hand correspondingly dangerous and difficult to con¬ 
trol, and liable when treated in an ignorant and unskilful manner 
to do a correspondingly greater amount of injury. However, in 
this respect electricity is not exceptional, for there is scarcely 
anything employed in the service of mankind, which, if im prop- 
eily used or ignorantly treated, is not prone to become a source 
of danger. . This is markedly the case in medicine, with steam, 
with explosives, and with machinery of all kinds. The fact that 
electricity has been so recently applied and that its introduction 
has become so rapidly widespread, makes it particularly neces- 
saij that it should be skilfully handled under proper rules and 
restrictions, and for this reason I think we should be grateful at 
the present time for the care and pains which have been taken in 
forming a code, giving such rules and instructions as the best 
present experience indicates advisable in dealing with this form 
of energy. At best there is so much that is unknown about 
electncal installations that they are certain to become sources of 

6 i X rfV e bazard if y. e y are not introduced in the best and most 
ekiltui manner, and it is impossible to expect that the mass, even 
ol artisans, will understand completely a subject that fifteen years 
ago had but two practical applications. Men in active life' find 
it difficult to keep pace with ordinary events, to sav nothing of 
01 oughly acquainting themselves with the strides'which have 
been taken by electricity. Now the best experts in the country 
have taken the matter m hand and have here formulated a Code 
so simple and yet comprehensive that ordinary mechanics can, by 

Tho Ct nb f0 l 0 W i! ng ^ Sa !?, e ’ buiId safe electrical installations, 
lhe Code, perhaps, has still another vocation, for we are aware 

that m all classes of builders and constructors there is a tendency 

wen° n XvL 0 1 o n0ra P t w0rb ! but tbat which is unscrupulous as 
well. We are acquainted with the existence of builders who 

ake contracts at such prices that it is impossible for them to ful¬ 
fil them without either loss of money or the evasion of the proper 
methods of construction, and unless around such unscrupulous 

nrevem t? rS * h / dge J 8 built 80 a »d ®o carefull/as to 

prevent them from thus unscrupulously introducing defective 
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work, the public is bound to suffer; but if, from time to time, 
such a se of rules and regulations as we are now considering be 
formulated, and if it be adopted with so strong and vigorous pub¬ 
lic spirit as to render it impracticable for unscrupulous as well as 
ignorant artisans to evade the same, it will be possible to obtain 
a quality of work and grade of materials which shall, on the whole, 
be best suited for the purpose, and will in the long run greatly 
conduce to public safety and convenience, and by relieving the 
public mind of the fear of danger from electrical installations, 
will operate as a most powerful stimulant to the further expan- 
sion oi electrical industries. 

I am therefore, of the opinion that while perhaps a canvass of 
the Code at piesent, and, it may be, a revision of the same from 
tune to time in the future, as experience shall indicate modifi¬ 
cations to be desirable is advantageous, the important duty lying- 
before each and everyone of us, is to take this Code up in our 
daily practice and by all the weight and influence in our power 

to see that its spirit and intention are carried out as completely 
as possible. 1 J 

Mr. S. Ct. Me Me eist :■ Is it expected that this meeting of 
the eastern and western members of the Institute, be the "time 

a™ se .^ son ^] ien tlie stamp of approval will be placed upon the 
Code it at all, or will it be voted upon to-night? 

, ^ HA *^ MAN : (Mr. Hibbard). It is my understanding, 

that it the Code, as it stands, meets with the approval of the 
meeting here and in Hew York to-night, it will be in order to 
i ecommend its adoption by the Council of the American Insti¬ 
tute of Electrical Engineers. If it is the sense of the meet- 
mg that it is a good thing, such a recommendation will be made 
to the Council. Our President, Dr. Crocker, who was a delegate 
to the meetings which resulted in this Code and rules, made a 
report to the Institute which will be read shortly. He endorses 
the Code and gives his reasons very brieflv and well, and lie* un¬ 
doubtedly is an attendant at the meeting in Hew York to-night. 
In his absence, we have his report, which we will hear after we 
have had a little more discussion, either on the general or the 
more specific matters relating to the Code. I do not understand 
that it is expected, on recommendation of a Code like this, that 
we obligate ourselves to never vary from the Code, any more 
than that we never vary from the Golden Rule, and several other 
things of that kind, but it is intended as showing what we would 
recommend and desire to bring about in our own work. 

Without bringing shop matters into the discussion too much, it 
would be interesting, I am sure, to hear from some of the rail¬ 
road people present. We would like to know how a set of rules, 
such as we have here, appeals to a trolley man as applied to a 
trolley road, and whether lie feels that his plant is improved and 
benefited by them, and whether they are reasonable and 
right. I wish also that we might have an expression from a 
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power man, one representing power plants of some kind. There 
lias been, perhaps, a feeling that the trolley road was essentially 
a new thing, and while it has been improving tremendously in 
detail during the past live years, it has been extending so fast 
many of us have felt that its management frequently either 
had not the time to look into details and keep off its neighbor’s 
toes, or, perhaps, did not want to, and failed to recognize ^reason¬ 
able rules designed to curb and govern them. Other people I 
am sure, feel that such regulation is beneficial. Whether the 
trolley road representatives feel that way or not they can say 
better for themselves. 

Mj\,. R. E. .Richardson i 1 do not know as f can say much on 
that subject, although I have given considerable thought and at¬ 
tention to it in connection with insurance risks, etc/ I believe 
we will all agree that the best thing that has been done in the 
way of insurance rules in regard t</trolley wires, was the making 
of the rule which absolutely prohibits the carrying of a street 
railway circuit into buildings, and using this current" for motors 
or lighting, which necessitated a ground in the buildiim It is to 
my mind the very best thing in an individual rule that the elec¬ 
trical^ underwriters’fraternity ever made in taking the ground 
circuits of a high pressure current out of, or prevontim- them • 
from going into buildings. 

lliete is one thing which crosses my mind not in relation t<> 
trohey work or railway work, hut a point which it seems to me 
the Code has not exactly reached as yet. I may he speaking from 
ignorance however, as I have not carefully read through the last 
Code. I his is the question of line appliances in the way of 
safety devices, sockets, etc., for the present fashionable 220-volt 
woik. I had occasion lately to examine a number of 220-volt 
lighting plants and found they were using exactly the same ent- 
ou|s same sockets, fixtures, etc. throughout that are designed 
foi 110-volt work. Win e there are now 220-volt switches on 
le maiket, I do not think there has been anything done in the 
way of manufacturing sockets, fuses, etc., especially for this 
voltage. In one of the plants examined, I asked the engineer 
Mdiat he was using tor sockets, cutouts, etc. lie replied if© was 
using the same as for 110-volt work, and in answer to my ques¬ 
tion if he did not have a great deal of trouble, he said: “ Oh no: 
once in a while they burn out.” A few moments later, I noticed 
a swi ei which was nicely cooked and asked him if that was not 
one of them. He replied, “yes.” (doing farther, I found 
numerous cases of the same sort. It seems to me that the 220- 
voits for lighting is at present the prevailing fashion, a great 
nany plants of this voltage being put in, and I do notthink that 
the supply manufacturers are prepared for it. For instance 

tak ® a - n J 0r ^ in V y SOcket wllich can be fimight for one-half or 
one-third of what ought to be paid for a good article. These 

sockets are not suitable for a 220-volt break, as with this pressure 
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an arc has little trouble in being formed in the socket. It is 
the same way with many of our fuse blocks. 

• l f ° f r!' ™PP ose / or a . moment that this subject has been lost 
sight of by the underwnters, but perhaps it is something that 
they have not yet had time to get into the rules. My own ex¬ 
perience m examining a number of installations with this pres¬ 
sure is that there is a great deal of trouble and a great many 
burnouts m the fixtures and in places where they would not 
have occurred, I am sure, if the ordinary 110-volt ohow volta-e 
current was m use I will be pleased if Mr. Merrill will advise 
us as to what has been done in this regard in the way of havin'* 
the manufacturer supply a line of material especially designed 

Me. Merrill:— -I agree entirely with Mr. Richardson that the 
fittings at present on the market, with but very few exceptions 
are unsuitable for use at 220 volts; I would go further and say 
that many of them are unsuitable for use at 110 volts As far 
as the Code is concerned, however, I think the matter is fully 
covered. All of the rules relating to switches, cut-outs and 
similar appliances specify, first, that the manufacturer’s name or 
trade-mark should be stamped on the goods where it can be 
plainly seen; second, that all of these fittings must operate suc¬ 
cessfully at 2o per cent, excess voltage and 50 per cent, overload 
in amperes under the most severe conditions they are liable to 
meet wit i in practice, lhese are the general provisions for all 
fittings. Resides these, you will find detailed specifications for 
the construction of many common appliances. Their use at 220 
volts, 440 volts, 500 volts, and all voltages, is covered in these 
specifications. In that respect, this edition of the Code is far in 
advance of the 96 edition. 


Mr. Pierce: I believe that all of us ought to say exactly 
what we think about this Code, especially those of us who are 
engaged in engineering work, and I believe we would all sav 
that the Code fulfils the purpose for which it is intended so well 
that it does not seem fair to criticise it. But I think, inasmuch 
as the Code is a matter of evolution, that if we have any one 
with us who considers the Code imperfect, or who has anythin'* 
to suggest as to how it could be improved, we would all gain 
something by hearing it. I notice a gentleman here who rep- 
lesents a branch of the art which as yet has not been repre¬ 
sented in onr meeting here to-night, and while I do not wish to 
intimate that he is not an engineer, at the same time he is 
interested more especially in the supply business, and the changes 
in the Code may have helped him or may have created some 
trouble for him, and perhaps he will give us some insight into 
the matter. The gentleman I refer to is Mr. Burton. 

Mm C. G. Burton It has occurred to me in looking over 
the list of authors who are responsible for the revised rules, or 
.as it is termed, the National Electrical Code, that the electrical 
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associations, underwriters 5 associations, architects, and various 
other people are represented, but there is one man who is obliged 
to stand the brunt of all these changes, and who I do not find 
represented here, and he is the much maligned supply man. It 
is an easy matter to formulate a set of rules and say: u We will 
allow such and such an article. 5 ’ On the strength of this state¬ 
ment, and practically a guarantee, the supply man, who is on 
the. alert for money-making products, lays in a nice stock in 
anticipation of a profitable venture, but is soon notified that the 
use of this particular article is prohibited and to make it still 
more emphatic, photographs and descriptions of the articles are 
widely distributed, Now where does the supply man come in# 

I was very much taken with the remark made a few moments 
ago in which our friend advocated the idea of compelling the 
manufacturer to get out a better quality of apparatus. In ’84 
I traveled about the country trying to sell electrical apparatus 
and among other things a very poor grade of socket for which 
I endeavored to secure 85 cents. At one time I took an order 
for quite a quantity at 80 cents and the firm very promptly 
turned me down. I presume it cost them as much as 15 or 20 
cents to inanufacture. I can now sell a better socket and make 
a fair profit at 8 cents. Now this idea of compelling the manu¬ 
facturer to make better apparatus is not correct. You com¬ 
mence at the wrong end of it. What should be done is to com¬ 
pel the consumer to use a better grade of material, and the 
manufacturer and the supply man would be only too glad to 
sell lnm a better class of material. Under present conditions a 
dealer will put in a large stock of sockets, for instance, which 
cost him a certain figure. He possibly soon ascertains that his 
competitors are selling sockets at a much lower price than lie 
can afford. His only recourse is to compel the manufacturer to- 
make a cheaper socket which enables him to meet competition. 
As long as the consumer will purchase and use a cheap, low 
giade of material, just so long will the manufacturer and the 
supply man handle material of that character, but in all this the 
supply man is the one who is blamed because he sells such poor 
material, whereas the real reason exists in the fact that the un- 

erwiiters and others in authority do not compel the consumer to 
use a better grade. 

With reference to the matter of wire, I notice for the first 
time that the revised National Code omits a long list of wires 
that it formerly contained. I presume that this was due to the 
efforts of our underwriting friends, and also to the overwhelming 
sense of injustice that they must have felt in putting their stamp 
ol approval so indiscriminately upon anything and everything 
that bears resemblance to wire. The house with which I am 
connected sells_ a good wire; has been selling it for 8 to 10 
•Jff 1 ' 6 ; friends the publishers of newspapers, have been 

able to declare dividends on the basis of money expended in 
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advertising and pushing this particular product. We still sell 
that wire at fair prices and at a fair profit. Under present con¬ 
ditions, however, the customer asks for quotations on wire, 
which we readily make. If there are unsatisfactory and he wants 
lower quotations, we quote him on another wire that we can 
purchase in the open market and which we can sell him at about 
two-thirds the cost of our regular and standard wire. He in¬ 
quires if this cheap wire is approved by the underwriters and 
we can but answer that it certainly is, and we are further willing 
to guarantee that it does not contain over 60 and 10 per cent, 
of mud. The fact is that we can make more money selling the 
cheap wire than we can the high grade of wire which is simply 
due to formerly indiscriminate endorsement by underwriters’ 
associations. Under these conditions it is but natural that the 
consumer should use the cheap wire where he has no interest at 
stake subsequent to its installation, and it is this condition of 
affairs that has led to a great deal of this cheap quality of con¬ 
struction, against which there seems to be so much objection. 
It is to the interest of the supply man to be enabled to sell a 
better quality of material of all kinds. The supply man acts as 
a go-between. We do not manufacture or originate material; 
we handle material which has been originated and manufactured 
by some one else, which we offer to the consumer. We would 
much prefer to sell a good article at 15 cents than two poor 
articles at cents each. When we sell staple and satisfactory 
goods to a customer we get his good will and the assurance of 
his future patronage, but if we sell him a poor affair the danger 
exists that it will influence him against us, so betwixt the dis¬ 
position of underwriting concerns to call for a high standard, 
and the disposition of the consumer to purchase a cheap article, 
the supply man is kept continually in hot water, and is practically 
blamed for all the poor material. Surely we are a much ma¬ 
ligned fraternity. 

Mr. Richardson: —In answer to the gentleman who has just 
spoken, I would say that I was once connected with a large electri¬ 
cal supply house and think the facts in the case are these: That 
the supply man has a disease, but does not go to the right doctor 
for a cure. He does not want to go back to the manufacturer 
for redress, but should work in harmony with the underwriters, 
and just as soon as he, the supply man, will refuse to buy or 
sell an article, which is not first class, (and he admits it is poor 
policy to sell an article of inferior quality), he will then have 
no further trouble with his sockets, etc., no bargain counter 
referred to, and the customers who have bought his goods will 
come back to him for more of the same kind instead of being 
dissatisfied and going elsewhere. It seems to me the supply man 
has as much opportunity to help out in bringing up the standard 
of electrical material and appliances as the underwriters them¬ 
selves. 
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If the supply man, as above stated, will not buv or sell cheap 
goods, it naturally follows that the other fellow, tlie construction 
man cannot get and use_ inferior material. It does not seem to 
me that the keeping of seven or eight grades of a material 
ranging from poor or worthless up to good quality in order to 
catch all classes of trade, is in harmony with the Code or the 
spirit in which it was written. 

As previously stated, I was once connected with a very laro- e 
supply house and can state from experience that the 'money 
made by that house and the reputation they gained was not, 
made or gained by the sale of cheap goods. Where good -mods 
are sold, they are sold to stay sold, and where poor goods are 
sold, they usually come back, the customer staying* away. I can 
well remember when the sockets referred to sold for 85 cents and 
it may be that a better socket than these were can now behold 
for t cents, but I doubt it. A good socket, I do not think it 
necessary to tell this audience, cannot he built for 7 cents and 
. it is fust these little things that tell in an installation. An im¬ 
mense amount of time, energy and money is spent to bring up 
the standard of a piece of machinery, as, for instance, a dynamo, 
to get a high field, commutator and armature insulation, and 
then some paltry little cheap 5 cent device is connected unto 
the system that destroys the entire insulation of the installation. 

imwVd 1 rS t0 | m<3 th i Sul>p1 ' 7 1nan is ‘ sncl * a terribly 
largely tilh himS.’ “ “ * U ' , “ n *> tl,c «*"> 

thJ^!li JHA " iMA ? : m 1 Wouldlike t( > out the fact, that 

the mles we are looking over are not solely underwriters’ rules. 

• f-I ,' ave ,, iee , n . made the representatives of the national 
institutes of architects, electrical engineers, mechanical engineers 
street railway and electrical lighting people, ‘as well as by the 
underwriters. I don’t, think the underwriters even had a ma- 
j!'' 1 J j 1 !, - ie 1 u 6 e tings. I think that if the representatives of 

to fbS'iS 7“™**.' lnd . e “*™ association* wanted 

to, they could have out-voted the underwriters, which thev do 

ciat,imi 3 'of 1 ti Ve d T e * i 1 liaTO , IJ ° doubt if tliere was aa asso- 
io^Pd Pe °i- e wll ,o make the goods, they would have 

men or *!, (0 N lmve T U0 Bet of ndes for the supply 

men or for the manufacturers. It would interest us to hear 

something on the broad matter of the rules themselves, from 

T wiST"" °' ie 0f the board which made them up. 

1 r,r S for some bna] remarks from Mr. Merrill. 

]p -fvA^ E i KI + L i' J:,ri ! lt( ? d bistor y of the rules tells the 

Smw vn Start t0 Code is its last chapter. This 

kr V naj n‘ e m ™ th ® llttIe bool « which I have sent here, 
thp firm ? P r . obab l7 ** W1,] prove more interesting to von in 
J f tL 1 * 1S there presented than it would recited by 

hn'n ?! ^ ltSG] ! 18 “ ot a bre underwriters’ code any more 

than it is a life underwriters’ code. The life insurance people 
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might be just as much interested in this Code as the lire in¬ 
surance companies. The Chicago Fire Department and other 
eity departments have adopted it. It is of just as much interest 
to architects, electric lighting men, central station men, supply 
houses and electrical contractors as it is to us. The remedy for 
existing evils does not lie wholly with the fire insurance man. 
He is a pretty charitable sort of person, spending something like 
$150,000 a year in the vain endeavor to educate the people up 
to good construction, and it is unreasonable to expect him in all 
cases to prevent poor construction. The matter is one of general 
interest, and s it should always be one of general education. I 
would be very glad if it could be taught in the public schools. 
Some day, perhaps, it will be. It seems to me that an institu¬ 
tion of such a national character as yours, and one having such 
great potency in the matter of the standard it adopts, should 
consider it within your province to further this work, to give 
the stamp of your approval to a set of rules which has been 
very largely compiled by your own delegate, and in this way 
help along the general cause, in which we are all very much 
interested, I am sure. 

Pjrof. W. M. Stine:—I have in my hands a report which is being 
presented in New York this evening by Dr. Crocker. He is "a 
member of this National Conference. 

'Prof. Stine read the report, see page 514.] 

Me. Merrill:— The Conference has been invited to co-operate 
with. the Underwriters’ National Electrical Association at its 
meetings, and consider any revision, extension, or amendment 
to the Code. . It is not expected that it will be necessary to make 
any changes in this general wording for, we hope, at least two 
years to come, but we propose to meet again in December to 
talk over all the suggestions of improvements which we might 
receive in the meantime from any source, and if there is nothing 
to be revised at that time, we propose to let it stand as at 
present. The future work will be in the hands of these various 
interests, and in the event of changes of any consequence being 
made, it will be the duty of your delegates to report to you for 
further action. 

Mr. A. Y. Abbott :—I would like to ask how this Code com¬ 
pares with similar documents in England. 

Mr. Merrill:— It is altogether different. British practice, 
of course, differs from American practice; and while I am not 
very familiar with the construction work going on there, I 
should judge the code of rules recently adopted by one associa¬ 
tion in England, compared with this Code, could be called crude. 
That code has been refused by a number of fire offices there, 
each preferring to retain former methods. They are in the 
same danger there that we have been in here for several years, 
not only in their organization as to a code, but, beyond that, 
each fire office has a code of its own, which makes it very much 
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more embarrassing than to have a code agreed upon by even all 
of the insurance companies. It may be that practice in Eng¬ 
land is carried on so conscientiously that such rigorous handling 
of rules and their enforcement is not necessary. I can see no 
other explanation for their being apparently so far behind the 
times in the way of rule-making. 

Mr. Abbott: —The code of rules that I had reference to has 
been received within the past month. I noticed that the ear- 
rying capacities were somewhat larger than ours. 

Prof. Stine:—I would like to read the following resolution: 

Whereas , The rules and requirements for the installation of wiring and ap¬ 
paratus for electric light, heat and power, known as the “National Electrical 
Code, are the result of the united efforts of the various electrical insurance, 
architectural and allied interests represented in the National Conference on 
standard Electrical Rules, composed of delegates from the 
American Institute of Architects, 

American Institute of Electrical Engineers, 

American Society of Mechanical Engineers, 

American Street Railway Association, 

Factory Mutual Fire Insurance Companies, 

National Association of Fire Engineers, 

National Board of Eire Underwriters, 

National Electric Light Association, and 
Underwriters’ National Electric Association, and 

Whereas, This Code is shown to be the best at present available for use from 
the tact that it has been adopted by the various municipal and insurance in¬ 
spection departments of the country, as well as by the National Electric Light 
Association and the National Board of Fire Underwriters and other bodies, and 

Whereas ?, Representatives of the American Institute of Electrical En¬ 
gineers, headed by the present President of the Institute, were important 
factors m its compilation; r 

• Therefore he it resolved, That the “ National Electrical Code ” be and hereby 
is endorsed for general use as a standard set of specifications governing the 
safety of electrical equipments, and 

Be it farther resolved, That this Code be recommended to the Board of 

Management for adoption as the standard of the American Institute of Elec¬ 
trical Engineers. 

Mr. Abbott moved, and the motion was seconded, that the 
above preamble and resolutions be adopted. The motion was 
carried, and the above unanimously adopted, whereupon the 
meeting ad journed. 



AMERICAN INSTITUTE OF ELECTEICAL 

ENGINEERS. 


. New Yoke, October 27th, 1897. 

V °/ Institute of Electkical 

Engineers was held at 12 West 31st Street, this date and was 
called to order by President Crocker at 8.20 p. M . 

The Secretary : At the meeting of the Executive Commit- 
elected 8 aftern ° 0n the followin g Associate Members were 


Name. 

Balsley, Abe 


Balcome, Herbert A. 


Address. 

Chief Electrician, Terre Haute 
Electric Railway Co., No. 514 
Street, Terre Haute, Ind. 

With The Eddy Elec. Mfg. Co., 
Windsor, Conn. 


Child, Oiias, T. Editor, The Electficcol ] WoTld, 253 

Broadway, New York. 


Goltz, William Hathaway, Building, 

Milwaukee, Wis. 


Jones, M. E. 


Le Clear, Gifford, 


Thompson, Silyanus P. 


Contractor, and Student in Senior 
Class, Cornell University. 

Ithaca, N. Y. 

Electrical and Mechanical En¬ 
gineer, Partner Den sm ore & Le 
Clear,7 Exchange Place. Boston; 
residence, Cambridge, Mass. 

Morland, Chislett Road, West 
Hainpsread, London, N. W., 
England. 


Williams, Geo. Henry District Supt. The Edison & Swan 

United Electric Co., Ltd., 134 
Royal Avenue ; residence, Cul- 
more, Glenburn Park. Belfast, 
Ireland. 


Endorsed by 

R. B. Harrison. 
Edw. G. Waters. 
Edw. P. Decker. 

W. R. C. Corson. 
H. E. Heath. 

H. S. Rodgers. 

J, Stanford Brown. 
Louis Bell. 

A. E. Kennelly. 

P. B. Badt. 

Chas. D. Shain. 

B. J. Arnold. 

Harris J, Ryan, 

S. B.Fortenbaugh. 
Fred’k Bedell. 

C. A. Adams. 

E. H. Hall. 

H. B. Shaw. 


Chas.P. Steinmetz. 
Ernst J. Berg. 
Eskil Berg. 

H. L. R. Emmet. 
A. G. Inrig. 

Ralph W. Pope. 
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Wotton, James A. 


Total 9. 


Electrician, Southern Bell Tele¬ 
phone & Telegraph Co., P. 0. 
Box 218, Atlanta,, Qa. 


F. A. Pickcrnell 
A. N. Mansfield. 
D. I. Carson. 


Tlie following Associate Members were transferred to full 
membership. 


Sampson, F. 1). 

Davidson, A. 

Decker, Edward P. 
Total 3. 


Manager, Charlotte Electric Light and Power Co 
Charlotte, N. C. 1 

Cable Engineer and Electrician, Central and South 
American Telegraph Co., Lima, Peru. 

Electrical Engineer, New York Telephone Co. 1.8 
Cortlandt Si/., New York, 


The I resident: As there is no formal business to attend to 
we will proceed immediately to the subject of the evening and 
I take great pleasure in presenting Mr. Richard Lamb, who will 
read a paper on a novel and very interesting branch of electrical 
engineering, “The Development of Electric Cableways.” Mr. 
Lamb will please present this paper, and as the paper is illus- 
trated by lantern.slides it will be necessary to darken the room 
and Mr. Lamb will refer to them in the course of lii.s paper. ’ 



A paper presented at the uStk Meeting of the 
American Institute of Electrical Engineers , 
New York , Oct. 27th, iSqj. President Crocker 
in the Chair. 


THE DEVELOPMENT OF ELECTEIC CABLEWAYS. 


BY RICHARD LAMB. 


Large expenditures of thought and money have been made to 
devise means of transportation that can disregard the insur¬ 
mountable difficulties of some surface roads, such as excessive 
grades, too much bridging, or too great a cost for roadway. The 
natural suggestion has been to make the roadway through the 
air, and air-ships, flying machines and suspended cableways have 
been sought for to solve the problem. 

Macaulay wrote, “ Of all inventions, the alphabet and printing 
press excepted, those inventions which' abridge distance have 
done most for civilization.” 

The most baffling problems we have before us to-day are those 
of abridging distances. With all the expenditure of life and 
money that has been put into the endeavor, man has not as yet 
even been able to traverse this orb of the universe upon which 
we are living, and with untold riches as the goal, thousands stop 
within a few hundred miles of the Klondike, at the first short 
pass, to await a less hazardous season to risk the journey. 

There are millions of feet of valuable timber in swamps stand¬ 
ing within rifle-shot distance of convenient points of navigation 
that have been practically unobtainable. The miry soil mak es 
regular roadbeds too expensive, and it has been as impossible to 
get the teams into the swamps as to get the logs out. It was to 
solve this particular problem of abridging distances that the 
electric cableway was built. 

I first built a cableway, having portable iron bracket supports 
to attach to the trees, and an endless cable supported by sheaves 
upon the brackets. The cable was passed around a sheave which 
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was driven by a steam engine at one end of the line. This cable- 
way worked well, and could haul logs for a distance of half a 
mile, which is farther than by any other method previously 
tried. I found that steam cableways were limited to straight 
lines, and as trees do not always grow in long straight lines, I 
devised a means by which the ear would replace the traction- 
cable in its sheave if it was dislodged in passing a bracket on 
account of the cable line not being straight. But this did not 
obviate the difficulty of having to select the route with reference 
to a straight line. 



Fig. 1 . First Test of hogging Motor. 


In the excellent article on “Railways in the Air,” published 
in a recent number of The Strarul^ the winter states: u Two • 
stout wire carrying ropes are laid parallel on standards of wood 
or iron and then stretched tightly in a straight line . (These 
woids are in italics.) .Aerial rope-ways cannot run around 
corners.” This condition is due to the fact that a moving cable 
has a tendency to work itself out of its carrying sheave, unless 
the line of the pull of the cable is straight. This fact suggested 
to me the necessity of the traction cable being stationary. It 
was a natural advance in the line of thought to note that if a 
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sheave would transmit sufficient power to haul logs a distance of 
half a mile from the same, that it would be even more efficient if 
the power applied to the sheave was near by, and accompanied 
the load on its travel. As an electrician, the cables of the steam 
rig naturally suggested to me conductors for an electric motor 
that would operate the sheave. Such a motor admits of the 
traction cable being stationary by passing it about the sheave 
several times and anchoring it at both ends ; thus, the motor 
winds in and pays out the cable, on the principle of a capstan. 
The fact that the traction cable is stationary and that the lower 
bracket catches the cable as the motor passes, makes a system of 
this kind the only one that can be operated upon concave and 
convex curved lines. 

One of the essential features of the steam cableway is having 
the traction rope always parallel with the bearing cable. The 
disregard of the direction of forces in other cable systems has 
been one of the main causes of their failure. On approaching a 
support the cable naturally sags, and the carriage has to be pro¬ 
pelled up an incline. If the grade of the cable is steep, as it is 
in practice, and the power is applied in a horizontal direction, 
the resultant force will neutralize the pull, and the carriage will 
stop. Cableways, operated by horses upon the ground, pulling the 
carriage on the cable, have accordingly been inoperative. It was 
important, therefore, in the electric cableway, to have the trac¬ 
tion cable always parallel with the bearing cable. Supposing the 
incline of the cable to be raised until it is vertical, w r e would then 
have an elevator; the bearing cable being the guide, and the 
traction rope the hauling rope, the motor being on the elevator 
car instead of at the top or bottom of the shaft. It is this 
feature that enables this system to operate on grades that would 
be impracticable by other methods. 

This system consists of a carriage with grooved wheels in 
tandem, that move upon a cable or suspended trackway. From 
this carriage is hung a frame, pivoted to the carriage so that it 
can maintain a vertical position regardless of the grade of the 
track. This frame holds an electric motor, preferably of an iron¬ 
clad cylindrical type. The motor is geared to an elliptically 
grooved sheave. A steel cable is wrapped around this sheave 
two or more times and is anchored at both ends. For the sake 
of economy in conductors, the upper or bearing cable is insulated 
from the lower or traction cable, and is used to carry the electric 
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current. The carriage is insulated from the suspended frame 
and motor. An insulated wire is attached to the carriage and 
conveys the current to the rheostat. The other pole of the 
rheostat is connected with a convenient part of the suspended 
frame. The rheostat is designed to control the speed and re¬ 
verse the current. A circuit breaker is put in circuit. The cur¬ 
rent from the generator passes along the bearing cable to the car¬ 
riage, thence through the insulated wire, through the rheostat, 
through the motor, to the frame of the motor, thence through the 
traction cable, back to the generator. At intervals along the line, 
connection is made between the traction cable and the ground. 
A bar of copper-coated iron is buried at the foot of a tree or post 
to which the cable brackets are attached. A well bonded copper 
wire extends from this ground plate to the lower bracket, upon 
which the traction cable rests. In swamp and canal service the 
plate is buried well in the moist earth. A most marked differ¬ 
ence in the resistance is noted when the ground connections are 
disconnected. When connected, the resistance is the same as if 
the traction cable was the same size as the bearing cable. 

In making the first saddles to support the cable, they were de¬ 
signed for movable brackets, which can be easily put upon trees 
and removed to other trees when the line is changed to a different 
location. These saddles have a U-shaped clamp that goes over 
the cable, and is bolted down with wedge-shaped bolts. Under 
the saddle is a petticoated recess, designed to shed rain-water 
from the insulation placed between the saddle and the bracket to 
keep the current from grounding or short-circuiting. 

This develops a new feature in insulation. It appeared that 
many of the materials ordinarily serviceable for insulating were 
not available, owing to the fact that often a rolling load of 10,000 
lbs. or more passes over the brackets, producing a grinding and 
crushing effect. 

Lava, hard rubber, micanite, shellac, mica and its products, 
glass, porcelain, ozite and all products of rosin, proved to be too 
brittle. Vulcanized fibre was finally used and proved quite satis¬ 
factory for a time. As only 220 volts are used in logging plants, 
and as it is an advantage from a construction standpoint to have 
the insulation as thin as possible, sheets of fibre |" thick were 
used. It was found that although this insulation was protected 
from the rain, by being shellaced and covered by a petticoat, 
after being exposed for some time, it would lose considerable of 
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its resistance, and while some of the brackets could he passed bv 
the electric motor, the heavy load on others would cause a short 
circuit tinougli the insulation. This was averted by painting* the 
saddles, brackets and fibre with insulating paint, and by increasiim- 
the thickness of the insulation to }" and using fibre that bad 

been solidified under unusual pressure. This was found to work 
all right. 


Ihe saddles for the plant for the Erie (lanal towing test, re¬ 
ferred to hereafter, were made so that the tread of tbe bearing 
wheels would leave the rope, and the wheels would pass over tbe 
saddles oil their rims, guided by flanges cast upon tbe saddles. 
On curves these flanges were made concave or convex as required. 
These saddles worked excellently: and the motor passed over 
them easily and satisfactorily. These brackets were insulated 



Pro. 8. “ Pinow ” Canal Motor on Cable Lino. 


with ozite and vulcanized fibre, and painted with insulating paint. 

Work in swamp logging demonstrated that small short saddles 
aie all that are needed, even for deflections in the line of from 
20 to 25 degrees. 1 he needle was much simplified by attaching 
to the brackets an insulated cone-shaped pin, over which the 
saddle is placed, by having a cone-shaped recess m the under part 
of the saddle to fit the pin. This recess also acts as a petticoat 
to piotect the insulation. The question of insulating the cone- 
shaped pin was an important one. \ ulcanizcd fibre could not 
be molded upon the pin. A material was needed that, while 
having a high resistance, would adhere to the pin, and that would 
stand a great crushing strain. It should be preferably non-hygro- 
scopic, and show a minimum absorption of water. 
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Insulated trolley hangers were secured, that showed an insula¬ 
tion resistance measured under 150 lbs. vertical stress above 
300,000 megohms, and after sprinkling with water one-half hour, 
measuring immediately above 300,000 megohms. After again 
sprinkling with water twenty minutes, they measured imme¬ 
diately above 300,OOo megohms. 

Tested for absorption after soaking in the water four days 
showed weight of 312.9 grammes; weight as received 312.7 
grammes; absorbed 000.2 grammes. [Tests by Stone and 
Webster.] 

In the insulated stud made for the saddles, the breaking strain 
measured over 35,000 lbs. At that point the insulation showed 
no signs of giving way, and the same stud was subsequently used 
for regular work. The instrument used for measuring the crush¬ 
ing strain measures only 50,000 lbs. It was thought best not to 
test above 35,000 lbs., which was more than needed in any service 
it would be required to perform. The pressure was put upon 
the top of the saddle and the bottom of the stud. As the thick¬ 
ness of the insulation is over twice as great on these saddle pins 
as was used on the trolley studs tested, the resistance should be 
at least over twice as great. [Test by Pope Mfg. Co.] 

The best steel cables for cableways are the interlocked and 
patent locked wire rope. These are almost as compact as solid 
bars of steel, and yet can be easily coiled by hand in coils four 
feet in diameter. A simple coupling is used to connect the cables. 
The wheels of the car pass over these couplings so smoothly that 
the rider on the motor scarcely notices the fact. These points of 
connection are as strong as any section of the cable. An advant¬ 
age in these interlocked cables is that they present a smooth 
surface of comparatively flat steel, which wears a great many 
times longer than the ordinary cables whose surfaces present 
round wires that wear through and unravel. These cables are 
made to bear much greater strains than the ordinary cables, and 
being so nearly solid they make much better electrical conductors. 

The traction cable is made of or f" specially strong ££ 19 
wire’ 5 steel rope, with a soft iron wire core, in place of hemp, 
which is ordinarily used. This increases the conductivity. One 
of the most remarkable results in practice in this system is the 
fact that the traction cable does not have to be pulled very taut, 
in fact a sag in the cable seems to be of no disadvantage, as the 
motor does not tighten the line far ahead, even when doing con- 
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siderable service. The sag 
adds to the weight of the 
cable and to the friction on 
the brackets, and these two 
resistances act as an anchor 
for the traction cable, in¬ 
dependent of the terminal 
anchorages. For example 
in the ease of a trial plant 
for a German canal the re¬ 
sistance to be overcome by 
a motor, or its “draw-bar 
puli’’ was to be (>45 lbs. 
^ Now at one pound per 
G running foot of traction 
“s' cable, the influence of the 

o 

3 motor pull would only be 
h felt r»45 feet a,bead of the 
* motor. Therefore with mo- 

4-2 

o tons distributed (>45 feet 
% apart, eacdi one practically 
o ^ las itn traction cable an- 
J c ’ (diored from the motor 
g ahead, and,in consequence 
® the combined pull of all the 
-h motors is not exerted upon 
2’ the terminal anchorage. 

pr_) ri 

In the first plant, the 
clamps on each of the lower 
or traction cable brackets 
were made with steel jaws, 
with springs under them, 
each as are used on grip- 
pulleys. When the traction 
cable was pulled the clamps 
gripped the cable,and when 
the motor lifted the cable, 
on passing the bracket, the 
jaws released the cable. 
These clamps were found 
to be unnecessary. 
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In canal practice the terminals will be ten miles apart with 
tension stations every two miles. At the terminal stations rotary 
transformers will transform the high voltage alternating current 
to 500-volt direct current, and send the same each way a distance 
of five miles. Where the traffic justifies, a line will be placed 
on each side of the canal, when the insulated or bearing cables 
will be connected at intervals to feed each other. The anchorage 
of the traction cable will be made with a series of clamps, and 
the motors will be passed through them as canal boats through 
locks. At the end, the motor is released from its traction cable 
and is conveyed across the canal on a cable, or where masts are 
allowed on boats in the canal, by a hinged trussed track that can 
be opened like a gate, or raised out of the way. The handle of 
the rheostat is easily controlled from the boat by a cord attached 
to the handle. When the cord is pulled from the opposite direc¬ 
tion to which the motor is to be run, the current is admitted in 
the proper direction, and the motor proceeds. When the cord 
is released, the handle flies back to a vertical or cut-off position, 
and the motor stops. When two boats pass, they exchange mo¬ 
tors by simply exchanging tow-lines and controller cords. 

The first test of canal boat towing with this system was made 
on the Delaware and Raritan Canal, at the Trenton Iron Works. 
The motor was made to go over concave and convex curves and 
up and down grades while towing the boat. 

In reference to the test of canal boat towing on the Erie Canal, 
at Tonawanda, it is not necessary to make any apologies for the 
system. Superintendent of Public Works Aldridge, in his report 
to the Legislature, uncpmlifiedly endorsed the system and stated: 
u Early in the season of 1895 application was made to me to 
officially designate a part of the Erie Canal for the proposed test 
of the efficiency, economy and practicability of the so-called 
6 Lamb System’ for improving the present system of towage on 
the canals of the State. The location selected was a piece of 
canal about one and one-quarter miles in length at Tonawanda, 
N. Y. The purpose was to select such a portion of canal as 
would embrace as many practical obstacles to the success of such 
a plan of towing as could be found anywhere in a section of 

canal that length.” 

In the report of Chas. R. Barnes, electrical expert for the 
Public Works Department of the State of New York, he sums 
up by saying: u The electric towing system appears to present 
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so many meritorious features that I have no hesitation in endors¬ 
ing it as the system deserving preference over any other hitherto 
experimented upon, or likely to be devised in the near future.” 

So short a time was given in which to construct the trial plant 
that existing models had to be copied. The motor was over 9 
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the motor had to go were very low, and had to be ap- 
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proached by reverse curves on a grade of about 20 degrees. 
Ti'enches had to be dug next to the abutments to give room for 
the motor to pass under the bridges. Both convex and concave 
curves had to be passed over, and at one point the deflection was 
about 30 degrees. In spite of the difficulties, the trial showed 
that the system performed economically and efficiently all that it 
was designed to accomplish. 

In the plant recently constructed for trial on a German canal, 
the motor has been shortened to less than five feet in length; 
its weight reduced to 1,300 pounds. The worm-gear has been 
avoided by a double reduction direct gear, gaining 50^ in effi¬ 
ciency over the worm-gear, and the ellipticallv grooved sheave 



Fig. 6. Motor used at Tonawanda. 


has been placed about the cylindrical electric motor, getting a 
large bearing surface and increasing the efficiency accordingly. 
At the test made at the Trenton Iron Works this motor, using a 
5 horse-power Storey motor, wound for 500 volts, and going at 
the rate of 2.3 miles per hour, pulled 800 pounds when having 
the use of only 220 volts. This shows a remarkable efficiency, 
which is due to the mechanical principles utilized, viz., hauling 
the motor along by a fixed rope, attached to a capstan operated 
by practically a winch. 

The uses to which this method of telpherage can be put are 
so numerous that I will not attempt to give descriptions of plans 
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that have been, and are now, being made for various parties, for 
such services as fortification work, rice culture, mining plants, 
ship building and sewer excavating plants. I will confine my 
descriptions to completed work. 

Possibly the most universally serviceable application that has 
been made of the system is traversing motors with double hoist¬ 
ing drums for quarry purposes. These motors are to go on 'TOO 
feet span cableways. Each of these cableways has one end 
stationary and the other is movable on a curved track. They are 
designed to lift 10,500 pound rocks at the rate of 50 feet-per 
minute and traverse at the rate of 300 feet per minute. At a 
test at Trenton made upon a temporarily erected cableway we 
raised 6,600 pounds, and ran on the cable at the rate of ten 
miles pei- hour, part of the time going up a grade of over 15 
pei cent. Theie will be no difficulty in these motors raising over 
10,500 pounds and running 300 feet per minute. A 15 horse-power 
Storey motor is used. The rheostat reverses the motor and 
regulates the speed. A band brake also is used to regulate the 
stopping. This is controlled by a lever in front of the motor- 

n 1 iail ' 1 e 1S a Safetj brake t0 be used in ca8e the band brake 

should fail. This is operated by a wheel. The shoe of tins 

brake clamps the upper cable. It is attached to the car proper 

and with the wheel handle oscillates with the carriage as it 

climbs or descends grades. A lever in front of the motorman is 

used to control the speed of the drums that raise and lower the 

S 1P < +1 A / riCtl0n eIutcIl > con trolled by a wheel handle, discon¬ 
nects the traversing sheave gear and engages the hoisting drums 
or vice-versa. & 

. In a P ' ace Wltlun reasonable distance of an electric plant hav- 

InlaTed ? P0 ' Vei ‘’ tll6Se eleCtriC CabIe hoists can 1,6 erected and 
operated for a comparatively small cost. In contracting work 

to-reat !d nC / lg tS T a 'i° US6d ’ these eab]e C1,a nes can be used 
to a reat advantage. In other places the small generating plant 

necessary to operate these motors will add but little to the ex¬ 
pense of an outfit. 

lit IT ' t 1 * h “ '’'““I? 1 « of » delict, 

. .that it is only serviceable for cities of advanced civilka- 

lon should go to the Dismal Swamp, and see a so-called dainty 

a machL cofld S | r0ng r -rvice to which 

machine could be put. He would see the laborers, over their 

knees in mud, sawing down giant trees, and hear the woodsman 
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sing: “Stand from under, she’s saying good-by to her neigh¬ 
bors.” With a crash that throws mud and water high into the 
.air a tree will fall and till a space with broken limbs, embedding 
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Fig. 7. Loaded Crane on Cable. 

itself well into the mire. This means work for the motor. Logs 
are to be drawn from their beds, and when the ammeter in the 
generator room on the scow, for an instant runs up, possibly to 
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a point of overload, it is the motor overcoming the suction in 
drawing out a buried log. With the voltmeter standing at 220 
volts, vou would see the needle momentarily go to 35 amperes 
and then drop to about from 10 to 16, depending upon the size 
of the log. As the cone over the end of the log strikes a stump 
or a cypress knee, the needle flies to about 20 and then back, and 
as the log dives off from an obstruction it may be crossing-, the cur- 



Fig. 8. Crane Motors in Shop. 


lent drops to zero momentarily. Finally when the log reaches 
the tail-tree, about 20 amperes is recorded as the log rises from 
the ground and hangs suspended by the hauling cable. This 
cable is reeved through a sheave, which is attached to the tail-tree 
fifty or more feet from the ground. 

After a number of logs are drawn to the tail-tree, they are 
transported over the cableway to the terminal on the banks of 
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the canal. Beading the ammeter as the log* comes in we see it 
start at about 5 then go up to 12 or 14, as it crosses the bracket 
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Fig. 9. Logging Motor working in Swamp. 

saddles, then go down to S again. In this process of transporta¬ 
tion, one end of the log is suspended by a car on the cable. The 
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end of the log is raised from the ground by holding fast tlie 
bight of the grip-block rope and going ahead with the motor. 
The block is attached to the car, when the same results are pro¬ 
duced, as if the power was applied to the rope direct. When 
the end of the log has been raised to the proper elevation, the 
grip holds it from falling, and the rope is coiled and placed on 
the tongs which holds the log, and after getting a couple of cars 
loaded you are ready to carry your valuable logs from one of 
nature’s worst fastnesses to a point where they become valuable 
to mankind. 

The question has been asked, “do yon require expert help 
about these logging plants? ” In answer, I would say that I am 
satisfied with my superintendent. He has spent his life in swamp 
logging, and has had no chance for education, much less scientific 
studies. When I assembled the generator, the first time that I 
put up the plant, he put on a pair of rubber gloves, not wishing 
to run any chances of getting a shock, even if there was no fire 
in the boiler. While testing the plant a fuse blew out on the 
generator, and one of my negro help started on a run into the 
swamp and never returned again to work. I afterwards heard 
that he stated * “Mr. Lamb can’t fool dis nigger, I done worked 

on the government dredge boat, and knows what a dvnamite 
machine is.” 

In spite of the lack of electrical information of the logging 
crew, no inconvenience has been occasioned on that account. All 
featuies of insulation are provided for before the plants are 
dipped. An ordinary steam engineer acquires quickly the 
necessary information for running the dynamo. The motor is 
shipped with all parts adjusted, and the extent of the motorman’s 
duties is simply to push the handle of the rheostat according to 
the direction he wishes to go. 

The light fiist cost, the high efficiency, the ease with which it 
can be operated by ordinary mechanics, portend for this system 

an important place among the useful applications of electricity 
of this century. 
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Discussion. 

The President: —This paper presents a very novel branch of 
our profession, one that few of us have paid much attention to, 
and it is interesting, I think, to note the fact that the simple 
methods of the trolley, that is the simple current-carrying wire 
from which the current returns by a ground or cable" which is 
grounded, have replaced the earlier method of telpherage in 
which the sections were alternately positive and negative, and 
as Mr. Lamb pointed out, require the train of telpherage ears to 
bridge across from one to the other. That seems to be a radical 
improvement and enables a much simpler mechanical construc¬ 
tion to operate successfully with the electrical conditions. In 
fact I should think that limitation of telpherage requiring a long 
train of telpherage cars to be operated in all cases was a very 
serious one as Mr. Lamb indicated, and would naturally prevent 
its general introduction. But the very simple methods employed 
by him which have been very clearly and completely set forth, I 
think will be appreciated. The subject is open for discussion. 

Mr. Townsend Wolcott: —I would like to ask Mr. Lamb a 
question. I suppose that the insulation resistance of 300,000 
megohms is meant for 300,000 ohms, isn’t it ? 

Mr. Lamb: —That is from the expert’s report. 

Mr. Wolcott: —300,000 megohms? 

Mr. Lamb :—I recognize that a megohm is a million ohms. 
That is copied from his report. 

Mr. Wolcott: —It would be interesting to know how he 
makes it so many thousand megohms. May I ask what the 
efficiency of the worm gear was ? 

Mr. Lamb :—I think we lost about 50 per cent, by the worm. 

Mr. Wolcott:—Y ou think the worm gear lost about 50 per 
cent ? 

Mr. Lamb: —Yes sir. We lost power not only from the fact 
that we used a worm gear but also from the fact that we had 100 
per cent, more weight. 

Mr. Wolcott: —I mean what is the efficiency of the whole 
motor with the worm gear. You say the efficiency of the whole 
motor with the spur gear is 50 per cent, greater than the worm 
gear. 

Mr. Lamb: —We tigured that we had an absolute loss of 
efficiency of about 50 per cent, on account of our worm gear. 
We doubled the capacity of our motors by changing to direct 
gear due to the fact that we get a very much better general 
arrangement with less friction on other parts, and also we get a 
very much lighter motor. We had however only 220 volts and 
the motor was wound for 500 volts, so we could not get an 
exact record for that particular motor. 

The President : —Do you reckon that, Mr. Lamb, the im¬ 
proved arrangement consumed very much less current ? 

Mr. Lamb : —It consumed very much less current. Of course 
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the voltage in both cases was different, but taking the watts it 
shows a very much better efficiency. * th li: 

. President * ^bat is a perfectly o*ood method of reckon- 

11 )§ 1 l b u ]}? c . 1 better perhaps than some abstract mechanical test 
of the efficiency ot gearing. 

Are there any otlier remarks on this subject '’ It is certain]y 
one winch deserves discussion. ' ^ 

Mr. Cfiari.es P. Steinmktz —There is one point 1 want to 
find out more about. It is stated here: “At the test made at 
the Iren ton Iron Works this motor, using a f» horse-power Storey 
motor, wound for .>00 volts, and going at the rate of 2.8 miles 
per hour pulled 800 pounds when having the use of only 220 
volts. This shows a remarkable efficiency." 1 do not sec that 
it shows any efficiency at all since no current is given The 
current has to he known to get the efficiency, and since it 
is not given, the statement made in the paper,'on the remark 
able efficiency, is not proven. Lmatk ' 

to^holst^owmfwl"^ 1 inRC 'V ll0rC tlie "“Pei-es. It amounted 
to o hoise-powei when you take into account 220 volts. 

.Mr. bteinmetz’s question can he answered in this wav. Tint 

motor was wound for five horse-power and it pulled 800 pounds 

going at the rate of 2.8 miles an hour. .No relative statement 

tf efficiency was made, but it showed a most marked efficiency 

no InSntT ■! other motor which never could have pulled 800 
pounds at miles an hour with the same amperes anil voltages 
Mr. Steinmktz:— —It merely shows that the second motor lmsa 

rSmlimi M H lty ’m ])0 Y t!1 ' t,liU1 tlie fiwt» but gives nothing 

recorded^ ^ ettl(11enc A as lo,1 o a * the actual amperes are not 

The 1 resident : Have you any figures Mr. Lamb in regard 
to the actual current input i " ’ s 1 

T l f; T p MH: “ 11 Cai1 7r e f|*e amperes, hut I have not them here. 
.he President :—Mr. Stemmetz brings up the point that vou 

• a tbi , ? Ck f r n t,IC + re8 , ult y° n havo g°t; that begs 

nut 2d I nL V°" mVe h r0t haVe the &ctm] of in- 

li l t ' mi have the figures of output, but you must 

M Wf„ h # Ur0S ° f ,Tr m °£ hr t0 cal(,,llate efficiency, 
ficicnc/ f tV b -A<uis:—J believe Mr. Lamb should give us theef- 

m I mil w'l , " aeln ?° fro “ the input at the motor to the actual 

motoi d Th2 111 m °T g ahug tho cableway by that same 

nroxhmtcd T g u', Md ! notor . efficiency can easily be ap¬ 
proximated. It would he interesting to hear somethin®- about 

the work-doing ability of his elliptically grooved cable-drawing 

Jheave which eonstitntes one of the baric" elements of this «ys- 

have iLlTv T , + ntereBted i ! 1 , this subject for some time ami 
nave heard a great many opinions pro and con regard in that 

sheave, and 1 would like to hear from M,- ill, ? fi 

fable g Tf 7™ n » C ' y and - a th ? M ; earan(1 teai ’ upon the pulling 
we can appioxnnate the losses in those two elements 
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we can get quite close to the total efficiency of the complete 
machine. 

Mr. Lamb : — Mr. Sachs’ point is well put. The efficiency of 
the elliptically grooved sheave is a very important feature of 
this form of cableway. The electric motor, of which you have 
seen the picture, operating in the swamp, has been running for 
about a year and a half and I do not see any wear on that cable. 
If you had that same cable winding up on a drum, you would 
have a grinding effect and it would be increasing in size and 
lessening in size and winding over itself all the time, and there 
would be more wear upon it than if there is simply a couple of 
turns that play upon this elliptically grooved sheave which is 
guided and kept from riding, one cabie on the other, by rollers. 
I do not see any reason why that cable should not last for four or 
five years at least, without any material wear at all. It is an 
inexpensive piece of mechanism anyway. In regard to the matter 
of the exact efficiency, which probably ought to have been spoken 
of first, I cannot give the facts, for the reason that we had, as I 
stated, a motor wound for 500 volts, and we only had 220 volts 
current. 

Mr. Sachs:— You got a certain amount of energy laid up by 
drawbar pull, feet per minute or feet per second, whichever way 
you might take it, or miles per hour, and what I am trying to 
get at, and what I think Mr. Steinmetz would like to get at, is 
simply the approximate energy from the input energy, and the 
actual work and output done by the machine. We have two sets 
of spur gearing there. We can approximate their efficiencies, 
and you have got the cable pulling sheave which we cannot ap¬ 
proximate, because we do not know the exact.facts, which you 
can probable give us. There must be more or less loss there, and 
probably a good deal, because your whole tractive effort must be 
gotten between that sheave and the cable. You must get slip 
there, and you must get wear and tear on the wheel and"on the 
cable both. I think if we can get those two points we can get 
very nearly at what we are driving at. The fact that the motor 
ran at 220 volts simply shows that it ran slower, and when it re¬ 
ceives 500 it would run faster. 

Mr. Lamb :—Mr. Sachs can get the information he wants from 
the Superintendent of Public Works’ expert electrician, Mr. 
Barnes’s report on the Tonawanda test as to the first motor. We 
have not got the full data for the second. 

Mr. Elias E. Kies :—It seems to me that this whole discus¬ 
sion is greatly out of place. I do not think there is a gentleman 
present in this room to-night but who upon viewing the diagrams 
which we have seen upon the screen can see the whole operation 
very clearly and make due allowance for such losses as are likely 
to take place in such an installation. It seems to me we have a 
new proposition to deal with this evening, that is to say, a method 
of transportation or of conveyance by means of an overhead 
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motor carriage suspended from a cable. So far as the efficiency 
of motors is concerned, we all know pretty well what they are 
capable of. Whether this first motor has reached the stage which 
is within practical range to-day or not, is a question of very little 
importance. The only new features so far as losses are concerned 
which we have to contend with in this matter, it seems to me, 
are those involved in the frictional winding of the cable upon 
the drum and the constant ascending, you may say, of the carriage 
upon the cable, which has already been referred to, and the 
losses due to the particular kind of gearing which are necessarily 
introduced. All of these things, as has been stated by a previous 
speaker, can no doubt be eliminated more or less with further 
progress in this direction. The construction of the line, etc., 
will probably introduce some improvements later on, and so the 
questions of efficiency are very minor questions as compared with 
the new results produced. 

It occurred to me, while Mr. Lamb was reading his paper, that 
if this system is as successful as his statements seem to indicate, 
that it might be extended to a great many other applications than 
that to which he already has applied it. For instance, some 
modification might be devised for the purpose of using such a 
system for ordinary conveying, excavating and such work as that, 
in which this motor, if you are going to use a motor suspended 
from the carrying cable to propel itself by a traction cable coiled 
around its own drum, may be provided with a supplemental 
drum operated by that same motor, while stationary, for the pur¬ 
pose .of raising and lowering cars and boxes filled with excavated 
material, and then when they are raised, the main propelling motor 
can be switched in and material so excavated can be carried off 
to a distance. That, for instance, is one application that suggested 
itself to me this evening while listening to Mr. Lamb’s paper. 
And then it seems to me that it might be applied to a good many 
other purposes, for instance in agriculture. Of course those 
things would require more or less development; but the point I 
wish to make is that what the Instituie ought to discuss, if they 
discuss the matter at all, should be with regard to the possibili¬ 
ties of this system of cableways which Mr. Lamb has explained,, 
k ar P upon the merely minor points of efficiency or lack 
of efficiency, because those are well known things that we can 
deal with without that discussion. 

Mu. Mailloux :—I am not so much interested in the efficiency 
part of the problem as I am in the insulation part, and I would' 
like to know something more about the fibre insulation which 
Mr. Lamb says he has used with success. Some ten vears aa’O 
there was a system of electric railway signaling in operation on 
otaten Island, which system comprised a small dynamo on the 
locomotive, and required the rail to be cut into sections or blocks 
and insulated.. I was called in consultation in connection with 
the matter with a view to overcome very many difficulties, (one 
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liich, by the way, was the capacity of the apparatus to do 
^ under all conditions, such as the vibration of the car, 
. although the principal difficulty was that of maintaining the 
ation of the track and of keeping the sections electrically 
'ate and distinct. I think that every material under the sun 
seemed at all available was tried, and everyone of them 
3. Fibre was the last resort and many experiments were 
s with all kinds of fibre, and used under all conditions, even 
* specially, but we could never depend upon it. The best 
ts were obtained when the fibre was in the form of plates 
ted between the fish-plates, with bushings. Very particular 
was taken in designing the mechanical parts of the outfit so 
rxiake it absolutely stiff and to avoid the slightest motion, 
as everyone familiar with railroading knows, it is impossible 
J-lke any sort of a mechanical joint in a rail as good as a rail 
has no joints. That is the reason why welding has been i»- 
Leed, so as to make continuous rails. In a short time, in fact, 
y short time, the material would give out mechanically, be- 
abraded and worn and would absorb moisture. The in¬ 


ky °f the fibre would be destroyed and it would no longer 
its purpose as an insulator. I very much fear that some- 
like that is likely to occur with any known form of insul- 
sxibjeet to severe mechanical strains; and that is the reason 
after having known of fibre being used without slice,ess in 
urns and varieties as it was known up to seven years ago, I 
1 like to have some further information about; the kind of 
which is now being used with success. 
t,o the difficulty referred to by another speaker of measuring 
-tO megohms, I may state for Ids information that it is not 
\ very difficult matter to measure 800,(too megohms. I had 
it in two places in Europe this summer, and in both cases 
’ done without any difficulty and without any elaborate ap¬ 
is. In one case we had "no difficulty in' getting 8,750 
lms per volt with the ordinary double static Thomson gal- 
•ieter (of German make) and the scale used (with reflected 
set at about a metre and a half distance. In the other ease 
sod _ the Rosenthal galvanometer with the scale about ,‘i.5 
3 distant and the readings made by a telescope. I find it 
30 be done even in my own office at. the. fourteenth story of 
ern “ iron-cage” office building, with an ordinary D’Arsmi- 
Ivanometer having a much lower figure of merit, (showing 
about 1,000 megohms per volt). But in that case I use 
- voltage. I use a small Orocker-Wheeler motor dynamo 
;ari “ e from 200 up to f>00 volts, and it is only a 

3n of piling on the pressure” until you “get there.” 
a hundred volts it will measure 100,000 megohms, and 
uglier voltage we find no difficulty in getting up to 400,000 
.ins. The outfit is used very often, for insulation measme- 
especially for testing the insulation of high grade rubber 
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covered wires,, aud. it has. always worked with satisfaction, while 
it has the merit of enabling the measui'ements to be made with 
relatively short sample pieces such as would give no reading with 
lower pressures. * " ^ 

11r. Joseph Sachs: —The question of insulation, it appears to 
me is one that takes very much the same form as the question of 
efficiency; that if it does not work now it can be made to work 
later on.. I think that if Mr. Lamb has not got the proper kind 
of insulation now, a little further experimenting* will nroduee it. 
Low the question of efficiency is another one. Quite true it 
cuts no ligure in the present development. When you haul logs 
as Mr. Lamb says, you have no competitor. A system of this or 
similar nature opens up previously inaccessible regions where 
other methods would fail entirely. Much of this success depends 
on the fact that weight is not used for tractive effects. The canal 
boat hauling problem is, however, one in which there are many 
competitors and not by any means the least is the humble mule. 

I hen we have steam canal boats, and various methods of elec- 

*"£, a b ° a ! P r °P nlsion 0 , n canals such as the Erie, which forms 
} apait of the complete route. These and other considera- 
10 ns are of the utmost.importance. There are at least a score of 
electrical and mechanical methods for this purpose. Efficiency 

To a com!?ete m wh tant tl ° r I'l when the /are being exploited 
compete with other methods. Aside from efficiency Mr 

haffiffiJ'swtlinf US W l hj I"' 8 7- St f m is su P erior to other similar 
hauliw sjsteins several of winch will suggest themselves. It 

ma\ be interesting to note another point which is interesting and 

perhaps quite as important as efficiencies or insulations • that is 

the regulation and control of the motor. When a motor of the 

o'pe rat o r 6 shorn Id b he ^ io ^ hau]in K it is essential that the 

opeiator should be right at the motor and is therefore seated on 

the carnage as it would be inadvisable to place him elsewhere 
howeverSS h h 11 switches right at hand. Boat hauling,’ 

haffiffi ® mS -f,, anotlier . eonsid f atmn. Unquestionably the 
naulmg method is the superior method of boat operation iiinar- 

T ( Wa V ' wa y , a . nc ^ ar surpasses any propeller method Mr 
Eamb will probably remember a little discussion that we had 

some years ago regarding whether the motor ouSit to be rev,if 
*** * man , u Pop the carriage itself or whether ?hat mftor 

C c2° id 0 ” S; tip of iuS-Ks,™ ?;* f 

. i’ M • years ago spent some timem writing- “Electrical TWc 

with the man upon the motor itself and m *' 14 d °?? aw< V 

wbich in a, long non .mount, someaSg^LTulSg 7l 
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•boat through the Erie Canal takes several days. The method lie 
■describes, however, while far superior to the man being placed 
upon the motor, has objections, and one of them, which I would 
like to ask him about, is what happens when the motor slows in 
speed? The hauling rope undoubtedly slacks up, and certainly 
the regulating rope is similarly affected. There are various other 
times when similar conditions occur, and the boat will probably 
wing to the cessation of current in the motor. A method 
which seems to be more correct and devoid of the objections to 
the other has the regulator and switch upon the boat itself. Sys¬ 
tems of electrically hauling canal boats, wagons and logs have 
•been experimented with for probably the past fifteen years. 
Messrs. Ayrton and Perry were amongst the pioneers in this di¬ 
rection. Aside from boat and log haulage other applications 
were suggested. In one of these such hauling motors running 
lip m a small suspended track or wireway, are connected by 
ropes or chains to wagons on the common roads. A recent in¬ 
stallation now. being experimented with contemplates the opera- 
tion ot electric motor wagons on common roads, current being 
supplied by an adjacent conductor. A hauling motor method, 
however has advantages, as any wagon may be hauled. The util¬ 
ization of such carrying methods in quarries I believe is now 

emg a erupted by Mr. Lamb, and in conjunction with the 
motor carriage a hoist is used. 

Mr Joseph Bijur Recently I visited a country where con- 
siderable lumbering is being done, and I noticed that the lumber¬ 
ing is largely confined to the water-ways, and that they brinu 

WeThriT mor ® distant. Jogs to the water by skidding them ovet- 
trozen brooks and slides m the winter. 

It would seem that any method by which logs could he brought 
to water-ways would be very valuable, but there appears to be 

MmSv rt V he S r em ,T hich Mlv Lamb lias just explained, 
namely, that perhaps the cableway has not sufficient capacity for 

erectin'J” theffi'nps <i0 ^7 e f , ? nt water-ways to make it worth while 

screen ^ . oii-tt jl Th 1S ’ \° the cablew ay shown on the 

screen to night, the car would take one or more logs from wher- 

ever the Jnmbcr was cut, to the end of the line, and then perhaps 
of The Ifot and a " am CaiTy a limited numbe1 ' of 1() 8 H tl > bio end 

lineVoffid XT™?! CaS6 | 1 S i° uW think that tbe ca Pacity of the 

ears sXuld follow Lb * W&S 80 arranged that a number of 
cars snouid follow each other successively around in a circlo r 

should like to hear from Mr. Lamb whether there is any method 
for overcoming that apparent objection. y emocl 

.. ^ Lamb:—T he number of logs hauled per dav is onlv lim 

pu t * into,h t A*- h yo Am . 

‘far" r p,i “ ou ‘ y°" r sZu™ 

can bring in as man, logs as yon wish. But I do not want to 
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liave it understood that I have ever anticipated that tin's system 
tor logging would supplant the regular logging railroads where 
you have to go a very long distance. The number of logs that 
you would haul by such a system would make the system ineffi¬ 
cient. It is only for short distances. We do not recommend it for 
over two miles. But the fact of the case is that I have tried 
every form of logging, to load the logs after felling them and 
putting them on the ears in order to carry them to the mills and 
there is not a system in existence to-day'that in actual practice 
Jogs over an average distance of 500 feet, with the exception of 
the * pull boat ” system, which is simply a large double drum 
engine that winds in and pays out a cable reeved about a laro-e 
sheave anchored into the swamp. Tongs are attached to the 
cable, which engage logs, which are hauled in over the mound 

^.y^ng before them, including sometimes the cable 
itself. Tins system is not efficient. They do not, haul in very 
many logs per day. What we are after is to get a system that 
will go beyond 1200 foot into these swamps that are tidies deen 
We get out logs near Norfolk that have been standing there 
for centuries that bring $-20 a thousand feet at Norfolk Oitv 
They could not he profitably logged heretofore. .But to go into 
the regions that my friend refers to and compete with streams and 
skidding by sleds was never anticipated. We can haul a lame 

mini ,u or logs from a reasonable distance by havin< r a larire 
enough plant and enough motors. " ’’’ k ' 

Mu. Wtkinmktz : —Mr. Lamb has given us a very interestum 
method of canal boat propulsion. But I would like to ask ono 
question. Why do we need two heavy cables* Whv couldn’t 

nmnello' 6 <>1 ' t ’ 1 Iin !' y t f' >II T\' r li, ' e over tlio canal and the ordinary 

fit k , n T i' 11 ab,,nt the propeller and 

T action and that it will propel the boat, and that the motor will 

f J '“ VC tl '““ ''“ VJ ral,l '“ " f ‘l>« 

TWi^vr : “ l , W ° nI<1 ,'' cfe1 ' Ml - Steinmotz to Mr. Sadis’ and 
Mi. Mai tin s work on the subject, which is excellent ami ex- 

wav !f ?h;to r, r °7 eS * lult thc tr< »% propeller is a very inefficient 
way or doing the business 

M iT,'f : ~?l hor ® is «»><»th«r point besides elficiency. 
As lundu stands the objection of putting a motor directly on 

.i. P 10 l )e l^r is that the hanks of the canal would’ not 

wo. ill he W v > aU< - rrr» the application in that form 

would out 77'/ riln fi k ,y f ' ,r n ( < 0 "' TJlu ( l u<JHti( >» of efficiency 
would cut no figure there at all. J 

. Mm Sachs: Even though thc Legislature—the present ono 

enoS C mon J T'! likos ^ appSu-so-would Ippropriate 

that So lT y , , ban < , l, P an . d , wal > «I> the canal and fix it so 

tl l V 7u ! < Uot <h anj m T n y to the present mud hank, 

be efficiency differences are so enormous that by ail means wo 

want to adopt something to pull the boat instead of pushing Z 

1 O 
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from behind. I think the propulsion of boats in narrow water¬ 
ways is one that has been gone into quite exhaustively and found 
to be a problem a little different from the propulsion of a boat 
in an open water, and that problem increases very severely when 
you go to push that boat with a screw. I think Mr. Steinmetz 
himself will appreciate that fact. "When you take a hauling* 
motoi of high efficiency, probably as Mr. Lamb will get his 
machine down to a single reduction, as he probably hopes to get 
his hauling sheave down to an efficiency of possibly 90 per cent, 
——with a motor of that kind, and if not that motor some other 
orm of hauling motor, I think you can perhaps get twice the 
efficiency, if not more, than you can with a single screw propul¬ 
sion for the same number of boats, the same speed and the same 
weight carried by each boat. I attempted to show that some 
time ago, and succeeded rather poorly. 

Mu. H. Wakd Leonaud :— 1 also am quite interested in this 
question of the insulation, but from a different standpoint, as I 
have been doing some experimenting in that line with an insul¬ 
ating material, which it seems to me might have answered for 
this purpose. I have recently been making insulating joints in 
which the two parts of the insulating joints are held together 
wi i enamel, and it seems to me that it has the features which 
are described in this paper as necessary, as being non-absorbent 
of moisture and of high insulation, and having sufficient strength 
to stand the strains that were brought upon it mechanically 
Mr. Mailloux :—l would like to ask Mr. Leonard if that 
material has elasticity. I think that is the principal physical 

qualification It must have in addition to insulation a certain 
amount of elasticity. 

Mr. Leonard : I subjected the insulating joints I speak of 
to very severe rapping with a hammer, while tliey were Holding 
the weights I thought they would meet in practice, and also sub¬ 
jected them to all the strain we could put upon them by means 
ot a wrench. Of course it must be borne in mind that'there is 
a very marked difference between enamel for such use, and any- 
ling m the shape of moulded glass. The strain which enamel 
will stand is enormously greater than what the mere moulded 

glass will stand, and most insulators that have been tried and 

found wanting, in the way of vitrous material, have been in a 
moulded form, and tliey have not the same strength. 

. .lL 1 V sJl sa .y ; since the' discussion lias 

dnited again to the question of insulation, that a number of years 

ago I had occasion to insulate the connecting rods of a'rerv 
powerful steam locomotive, and after going till through thil 
question in my endeavors to find an insulating material that 
would stand the strain of such heavy work, I met with exactly 
tie same difficulties as have been recited here this evening T 
finally adopted a new method of insulating, in wdiicli I nsed’ord- 
mary vulcanized fibre. I took a sheet of hard fibre about three- 
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sixteenths of an inch thick, bent, it around into the form of a 

circle, and by means of hydraulic pressure forced the sheet of 
insulation between the brass bushing or collar which fitted over 
the driving crank of the locomotive wheel, and the opening or 
hole m the end of the connecting rod. The hushing, which had 
been made somewhat longer than usual and prepared with a 
conical or tapered end, was first turned down a trifle to reduce' 
the outside diameter. The insulation was placed within the hole 
of the connecting rod and the brass bushing was then forced into 
place so as to leave a rigid wall of insulation between it and the 

turned^’ " "f i* 1 ® tupered on<l of the hushing was 

insuhtion waT ?v ^ bn8h,n /\ of th . u i^gth. ‘That 

nsuution was by tins process driven m so hard under cm.|» 

enormous pressure that it withstood the severe meehanienlstmi 
nd omintTT Jet t d pcrf r t! ' y ’ r ,n,,in #f (ii, . v ! " ”»<1 <Iav out 

and outlasted the ordinary brass bushings which are usual I v 

ccti 1 tally at quite frequent intervals hv means of an ordinary 

tionofT 7\ UmUl ^diafaetorv, scarcely any defied 
I -' °/' th f e n f. (Ue 1)eu W noticeable. An incidental advantage of 

miicb el i Wa ' S th «* tlu ‘ ro< l H the locomotive ran 

“rn<Uwi lhf W T i rec fnM " th< ‘ vibration or 

winch formerly characterized them wlnm in operation 

Now it occured to me that instead of attempting t at 

an insulating arm such as Mr. Lamb is usumf,!!su umvt ^ , P 

ion cable by inserting a tint, strip of insulation between the metal 

land) will f ii ti * . M i mo SU( * 1 vva .Y UH that,—-that if Mr 

I...,™.l I f o“™:?!: , '?r: l :f , r, hnat ; ; 

thc'hrioi” or Sr‘ ! , ei o r I 1 '"’r Jill'S 

or iirackct-eiul ShJf'f T Til bra(;kt>t «»« *x»It 

tine sheet hv hvrbJ'’ i®™ m ° * 10 H eeV(t "''darning the insula- 
• b .) hydraulic pressure, that ho will »et sueh a firm 

. g V i”S ; v** 

the uimer JnrZl • lt . 1 l ? t 1 pa T t,on «tbIo wouhl rest u.mn 

shape ofY su'nnm-tir, tIl, f 1 , I ,w,,la **which could he in the, 

P f ^P p wt.ng sadd e, and this sleeve or saddle, if necess- 

Xever dLttZS • - 1 , n* IW ' 1 ™ "-i™ 

instaEm l *> to loto tl,c 

Srrzil'T>:«'w3 

This eono'-sh. oh,h « nlj '"! 1 '“"*• flli "K th “ «™M he dovisod. 

imrSS.tTuJ. hS^'Sti: fr; ,ral with , “ f *» w .r 

•t . pn*„r« of 100,000 pounds to 4„!Thi "T htZ 
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almost like a solid piece of iron. Over tlie top of the pin the 
steel saddle fits. The cable rests on the top. 

Mr. Ries That is exactly what I referred to—a plan of that 

sort. It is immaterial whether you have it in the shape of an 
umbrella head— 


Mr. ^ ^ ias to be moulded, though. We cannot mould 

T\r* p cannot be moulded 5 it lias to be rolled. 

Mb. Ries : —Of course such a substance would be preferable 
but at that time there was no such substance obtainable. Yet I 
obtained very excellent results 1 was under the impression that 
JVlr. Lamb had not yet found a material that he could mould to 
. shape he desired and which at the same time would be suffic¬ 
iently strong to answer the purpose. 

The President :—As I understand, this method of insulation 
you employ is entirely successful ? 

Mr. Lamb :—Entirely so. 

The President: I think this discussion is entirely out of 
place. Mr. Lamb has already a successful insulation. Several 
members of the Institute have been instructing him in connec¬ 
tion with a matter he has already solved, and apparently better 
than they have. 1 J 

Mr. Lamb: This insulation is non-hydrostatic. You can throw 
water on it and no two drops will stand together. They will 
a 1 separate in small particles over the whole piece. It stood with 
a iiali inch thickness on one of those pins, a pressure on the top 
and a pressure on the bottom of 35,000 pounds without showing 
any indication whatever that it had had any pressure upon it or 
any abrasion. We rolled heavy weights over it and it was in no 
way affected. I would not care to vouch for this statement, but 
a gentleman told me that a lot of this insulating material was put 
around a pebble and was thrown from one of the high buildings 
down at the end of Broadway, and it broke in two, the pebble 
and the material, just as though it were one kind of material. 

. “^ R * -k* fvENNELLY:—I would like to ask Mr. Lamb what 

is necessary to be done in the case of a break-down, if you want 
x> put the motor on, or take the motor off at some point on the 
Ime. Is it necessary to start at the beginning of the line, or can 

you take up 14 feet slack at any point, or can you put 14 feet in 
the traction line at will? 


Mr Lamb:— You cannot take it off on the line. You have to 
pull the motor to the terminal to get it off. The terminal stations 
aie situated at intervals along the line. At these places you can 
,a . ve :i . *?otor oft.. Yon can pull the motor along without un- 
wmciing the cable from the sheave or taking it off the cable. 

Mr. Mailloux : — Does the motor ever run off the track ? 

Mr. Lamb: If it could, I would have dropped with it before 
tins It is far more stable than a surface track would lie, as tlie 
center of gravity of the motor is below the bearing rail, and deep 
images are on both sides of the wheels. 
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Me. Sachs:— Mr. President, I do not think Mr. Lamb’s motor 
ever takes any notion to run off the track, and I think that is 
rather one of the features that militates against it from the simple 
fact that it is mighty difficult to take it off the track. In taking- 
off a motor from the track, in case it should he absolutely essen¬ 
tial to do so, say for instance through accident at some intermed¬ 
iate points between terminals, it would be necessary to take off 
the pulling sheave. That pulling sheave encircles the elliptieally 
grooved wheel say two or three times. That means so much 
slack cable. There must be some point where you will probably 
get enough slack cable to make it necessary to stop taking the 
motors off the line. But I should not think it would be essential 
at all to take any motors off the line on a system of that kind, 
for the simple reason that if a motor should break down, the 
motor going in the opposite direction would push that broken 
down motor back to the point it came from, and the next motor 
•• coming along would pull the waiting boat ahead. So i think 
there is no difficulty there. 

Me. Paul G. Bueton:— I would like to ask Mr. Lamb a 
question about the wear of this cable in the sheaves. "The method, 
as I understand it, is simply to make two or three bights right 
aiound the sheave in much the same manner as they are usim>- 
throughout the city in these hoisting engines—wl'iat is conn 
monly called a “ niggerhead’’ in the trade. As far as I can 
discover, and I have had a little oversight of machinery—there 
is a good deal of wear even where there is simply a rolling 
friction. In this the cable enters on one side of’ an elliptical 
surface and goes out on the other. Consequently there must be 
a grinding all the time, and I would like to know what effect 
that has in the way of wear on the sleeve and on the cable 
it seems to me it must be much more considerable than is 


Mr. Lamb : That depends on the difference in hardness which 

CJedil W be i weetl , the cable and the face of this elliptieally 
g ooved sheave. 1 ou do not of course intend to build a sheave 
as hard as you would have the cable and expect the cable to last 

renfov'p ^ eCanSe . t ¥ , faee of this sheav e is made so that you can 

Tt th ? ait *i at w f rs v 1 erj ea?ll -l' and P ut another one on. 
It is inexpensive. But they have a very fair life and tliev -m> 

jgg *««"» fl* wfc^iLK, that referred to, ami the 

cireumfirerlf.P d i? erent } n one case you have a large 

eiicumfeience, m the other you have only 12 inches diameter 
S XTu^v"^ wear “ uch harder y The actual distance 

is oavino- m and . tle groove is very slight becanse it 

going^aronnd » F** ^ Ut ? Venl J exce Pt when it w 

g _ g aiound a curve. Tne two rollers in front and in the hack 

Onffieothli-’iTand nd wl keeP ** f the right P lace on the sheave.’ 

un a rone and if f’ m ^ g0t a drum that is winding- 

up a rope and it is elliptical in its groove, it pays off and winds 
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down the cable a long distance on the drum. "W© only have in 
one ease two coils of rope on, (three coils at the most), and they 
are guided, and there is very little play upon the sheaves. 

Me. Sachs : I would like to have Mr. Lamb answer this 
-question that I asked some time ago—that is, whether it is not a 
fact that one of the difficulties with this rope-hauling method is 
that the motor acts in a very fantastic and cranky fashion; that 
it takes sudden notions to stop and sudden notions to go ahead, 
and all that sort of thing. The motor may slacken its speed and 
the boat may be retarded slightly. That may mean an increase 
of speed or it may mean a stopping of the motor. In either case 
it must mean the attention of the attendant on the boat at once. 
1 would like to know if there is not some system that Mr. Lamb 
has devised to obviate these objections, and if they are not real. 

Mb. Lamb :—There would not be any reason for a motor 
stopping or not stopping except the loss of voltage. In the case 
of logging I never knew that to happen. On some of the Erie 
traction experimental trips it did happen. Our line was con¬ 
nected with a street trolley line and our voltage went from 
nothing to 500 volts. Sometimes the motor would stop, some¬ 
times go slow, sometimes go fast. But there is nothing in the 
design of the motor that would give grounds for thinking it 
would go faster than at other times. 

Me. feACHs: —It was not a question of design of motor. It 
was a question of whether the regulating rope, the rope that you 
have connected from the operating controller and switch, unless 
you employ the rheostat for both functions, does not slacken as 
it certainly would. For instance, we will consider the boat and 
the motor propeller being propelled at a certain rate, and that 
suddenly you meet a curve in the line, or something of that sort, 
and a heavy load is put on the motor in addition to what is al¬ 
ready carried. That would mean a slow-down, especially where 
you have not particularly excellent distribution. That'slowing* 
down must certainly mean that your rope is going to slacken anil 
it certainly needs but very little slack in the rope to bring the 
iheostat back to the stop position ;—at least so I should presume. 

Me. Lamb : —What would make the motor stop, would it not 
be the pull of the boat, the extra heavy pull ? 

Mr. Sachs : — I know—but your boat is moving forward. Its 
momentum is carrying it ahead at about the same speed as the 
motor previously pulled it. .Now the motor gradually slacks up 
—it meets a curve—it has got to go up a steep incline, or there 
is some difficulty in the propelling machinery, and it slows down. 
That means that the boat is carried ahead and will be carried 
ahead for a few moments. But the motor is gradually slowing ; 
that means that the rheostat is going back to where* it started, 5 
and it means that the man has got to come forward and pull it! 

•Mr. Lamb That would not be the condition in practice! 
There is nothing on the line of the cableway that would stop 
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SPARKING, ITS CAUSE AND EFFECTS. 


BY THORBURN JR Eli). 


Present theories in regard to the operation of commutation 
and the nature of sparking, show considerable progress beyond 
those of a few years ago. The most important step forward was 
taken when the reactance of the coil under commutation was 
recognized as the greatest obstacle to perfect commutation, 
and the duty of overcoming this reactance was assigned to the 
e. m. f. set up by the cutting of the lines from the field by the 
coil under commutation. It was also recognized that this must 
be limited by the available reversal e. m. f. 

This was a long step forward, but it stopped just short of a 
complete explanation of the phenomena involved. This failure 
was due to an erroneous idea, which has fastened itself on the 
theory from the start, that in jurious sparking was due to the cur 
rent sparking across the gap between the brush and the receding 
segment, by reason either of incomplete reversal of the current, 
or of over-reversal. 

I shall attempt to show in what follows, that sparking from 
either of these causes may be harmless, and that the real injury 
is done before the segment leaves the brush. 

Taking first the simplest case of commutation, that of a coil of 
n turns with its ends connected to adjacent commutator seg¬ 
ments, we may state the operation of perfect commutation thus: 

First, consider a coil which is approaching a brush through 
which the current is entering the armature from the outside cir¬ 
cuit. The brush covers the segment connected to one end of 
this coil, and half of the brush current is passing through the 
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coil from segment 3 to segment 2 (Fig. 1 ), the other half from 
segment 3 to segment J-. 


Second, consider this coil receding from the brush, which now 
covers segment 2 , as shown in Fig. 5. Half of the brush current 
is now passing through the coil from segment 2 to segment 1 , the 
other half passing through the next adjacent coil from segment 

“ f “ egrnent 3 - The ' current in the coil 3-2 now has the same 
value under the conditions shown in Fig. 5 , as it had before in 
ig. 1 , but its direction of flow through the coil has been reversed 
Between these two positions of the coil with reference to the 
rush, the whole operation of commutation has taken place re- 
Cjinnng generally but a very small fraction of a second. 




endstf the^coi] S ^ ^ 0peration in commutation. The two 
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and through the coil to segment 2. The d. p. in the commutator 
segment need not be considered, as it is neglible. The d. p. in 
the brush itself is also negligible. 

The i). p. across the area of contact of segment 8 varies di¬ 
rectly with the current flowing across it, and inversely with the 
area of contact. The d. p. in the coil 3—2 depends on three fac¬ 
tors, the or drop in the coil, the counter e. m. f. of self-induction 
due to change in the value of the current, and the e. m. f. due to 

cutting the lines of force of the field. This last we will call 
u reversal e.” 

The or drop varies with the current flowing in the coil. The 
counter e. m. f. or inductance drop varies with the rate of change 
of the current in the coil. Reversal e varies with the rate of 
cutting of the field lines. 

The or diop at the contact area and the cr drop in the coil 
both oppose the current, and the inductance drop aids it as long 
as the current is decreasing. The reversal e may act in either 
direction, but is usually opposed to the inductance e. Therefore 
the i). p. between the brush and segment 2 equals the or between 
the biush and segment 3 plus the cr in the coil 3—2 minus the 
inductance drop in the coil, plus reversal e. It is seen that, as 
the brush moves over from the position of Fig. 2 to that of 
Fig. 3, the area of contact of segment 2 increases, while that of 
segment o decreases. Thus the resistance of the current path 
from the brush to segment 3 and through the coil to segment 2 
is continually increasing, while the resistance from the brush to 
segment 2 diiect is decreasing. Therefore the cr drop across 
the contact area of segment 3 will increase or decrease according 
as the contact area or current decreases more rapidly. & 

Thus throughout the period of commutation there is an in¬ 
creasing opposition to the passage of the current through the 
segment 3, and an increasing facility for its passage through seg¬ 
ment 2 due merely to the changes of the areas of contact of the 

brush with the two segments, and to the consequent changes of 
resistance. 

For perfect commutation which is the case we are considering 
at present, the impedance of the coil e should always be equal 
and opposite to the reversal e as will appear later. 

The next period in commutation is that during which the cur- 

lent in the coil is increasing to its final value after having passed 
through zero. 
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When the current in the coil is zero, one-half of the brush cur¬ 
rent is passing through each of the two segments under the 
brush on the proper assumption that the current divides equally 
between the two halves of the armature. The cr drop at the 
contact surfaces of the two segments will then be inversely pro¬ 
portional to the area of the contact surfaces, and the difference 
between the impedance e and the reversal e will then, as before, 
be equal and opposite to the difference between the two or 
drops at the contact surfaces. It should be noted here, that, 
although the current in the coil is zero, its rate of change may 
be considerable, and thus cause considerable inductance e. 

While the current in the coil is increasing, the inductance e is 
in opposition to the current, while the reversal e is in the same 
direction with the current. Thus while in the first period of 
commutation, the inductance e prevented the decrease of the 
current, in this period it prevents its increase. The reversal e 
on the other hand aids the decrease of the current in the first 
period, as well as its increase in the second. The increase of the 
contact surface of segment two, and the decrease of that of seg- 
ment 3 still continue to aid the flow of the current from segment 
2 through the coil to segment 3, so that the effect of all these 
varying e. m. f.’b is just the same throughout this period as 
throughout the first period, but the resistance of the coil itself, 
which in the first period aided the decrease of the current, in 
this period opposes its increase. 

Finally, just as segment 3 leaves the brush (Figure 4) the cur¬ 
rent in the coil becomes equal to one-half the brush current, and 
no current passes through from the brush to segment 3, and the 
segment leaves the brush without any difference of potential be¬ 
tween it and the brush. 

iSTow consider how the current should vary during the period 
of commutation, so that the energy of commutation will he de¬ 
veloped equally over every part of the contact surface, and so 
that the amount of energy developed shall be a minimum. 

First consider the variation of the current which will satisfy 
the first of these conditions. This condition will be fulfilled if 
the current density in every section remains constant as long as 
the area of contact is changing ; for every part of the segment re¬ 
mains in contact with the brush for the same length of time, 
that is, the time required for that part to pass from the heel to 
the toe of the brush. Therefore, since every part is receiving 
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energy at the same rate and for the same length of time, the 
energy developed in each part is equal. While the whole’ seg¬ 
ment is covered, any change in the current density will affect 
every section equally, so that the current may vary in any way 

during that period, without causing unequal distribution of 
energy. 

Consider how the current should change so as to develop the 
least energy. That is, how the current must be distributed be¬ 
tween the contact surfaces of the segments so as to develop the 
least possible amount of energy. 

Let and Ii 2 be the resistance of the two segments, and G x and 

C % the corresponding currents, G being the total current flowing. 

Then we have for the rate at which energy is being developed at 
any period. 

W = V?. JR, + ( C-G\?R 2 (1) 

Differentiating and equating to zero, we have 



II 


‘‘2 


R t + i? s 


c 



To determine whether this gives a maximum or minimum value, 
substitute in equation (1) for 6, the values C — 0 and C\ = 0 
and we get for 0 1 = 0, W = G 2 R % and for C 1 = O, W = 
<7 2 R. Both these val ues are higher than that obtained by sub¬ 
stituting from equation ( 2) in equation (1), namely r 



III R'2 

R 1 + II, 



Therefore that value of G 1 makes W a minimum. 

This means that for each position of the brush, the energy de¬ 
veloped at the contact surface will be a minimum when the cur¬ 
rent divides between the segments under the brush in the ratio 
of theii areas of contact. It is seen that under these conditions, 
the current density remains constant, and that therefore the re¬ 
quirements of equal distribution of energy are also fulfilled. 

Berfect commutation may now be defined as a complete re¬ 
versal of the current in the coil under commutation in such a 
manner that the portions of the current flowing through the two 
segments to which the ends of the coil are connected, shall be 
proportional to the respective contact areas of the segments. 

It was shown above that G 2 R a = G X R X + OR drop in the coil 
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plus the inductance e in the coil plus the reversal e. If there¬ 
fore the sum of the or drop of the coil plus its inductance e 
were always equal and opposite to the reversal e, would be 
equal to c 2 r 2 j which is the condition for perfect commutation 
as defined above. 

following are some of the various ways in which imperfect 
commutation may occur, and the manner in which this imper¬ 
fect commutation causes injury to the commutator. 

First. Suppose that the current flowing across the contact 
surface of the receding segment does not decrease as rapidly as 
the contact surface of that segment decreases. The current den¬ 
sity then increases and is a maximum at the last part of the seg¬ 
ment that touches the brush. More energy is thus concentrated 
at that point than at any other, and owing to the fact that time 
is required to conduct that energy to other parts of the segment, 
that part will be raised to the highest temperature. This tem¬ 
perature may be high enough to melt, or even volatilize the 
copper of the segment, therefore when the brush leaves the seg¬ 
ment, the current continues to flow through the film of melted 
copper, volatilizes it and draws an arc. This arc constitutes the 
injurious or “vicious’ 5 spark. The removal of the volatilized 
copper from the receding edge gradually wears that edge away. 
Reduction of the contact surface thus continually increases the 
current density, and the arc is formed at an earlier stage of the 
commutation when the current to be broken is greater, and thus 
the spark increases in viciousness until the commutator has to be 
turned down before the machine will run at all. 

Again the energy developed at the receding edge of the seg¬ 
ment may not be sufficient to melt the copper. In this case the 
current to be broken when the segment leaves the brush will 
jump across from the brush to the segment. This spark has no 
deleterious effect, since most of its energy is developed in the- 
space between the segment and the receding brush, instead 
of being concentrated at the edge of the receding segment. 
This spark is of the same bluish color as that of the Ruhmkorff 
coil, by which it may be distinguished from the injurious spark, 
which is yellow. 

Second. Suppose that the current flowing across the contact 
area of the entering segment increases more rapidly than the 
contact surface increases. The current density in that part of 
the segment then increases, and more energy is concentrated at 
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this point than at other parts of the segment and it will accord- 
ingly be raised to a higher temperature. If this temperature is 
not high enough to melt the copper, no harm results and there is 
no spark, since the contact is not broken at that point. If, how¬ 
ever, the temperature produced is high enough to melt the cop¬ 
per, the melted copper may be canned along by the brush, and 
the entering edge of the segment is thus gradually eaten away. 
This will not show by any sparking immediately, but it will 
eventually cause a spark to appear in the following manner: 
I he eating away of the entering edge of the segment gradually 
reduces the area of the entering segment and thus increases the 
Resistance of that segment. This delays the decrease of current 
in the receding segment, and the current density in both seg¬ 
ments increases until the temperature gets high enough to pro¬ 
duce a spark as described in the first case of imperfect commu¬ 
tation. Another incidental injury that may occur is the 
deposition of the melted copper at the back of the segment, 
thus raising the surface of the segment at that point, and this’ 
together with the depression of the surface at the front of the 


segment, would cause the brush to jump and chatter, which of 
itself would cause deleterious sparking. 

I his would explain the cases where a machine runs perfectly 
sparkless when first set up, but after a time commences to spark, 
the spark increasing in intensity and deleterious effect and dis¬ 
appearing when the commutator surface has been turned up, 
only to reappear after sufficient time has elapsed. The wearing 
away of the front edge of the segment is hardly likely to be 
noticed, since no injury would be looked for until the spark ap¬ 
peared, and then the cutting of the back edge would be much 
moie prominent, because that, being produced by an arc, would 
have a roughened appearance, while the surface of the front 
edge would be left smooth by the rubbing off of the melted 


copper. 


Thiid. The reversal e may be large enough, not only to 
reverse the current in the coil under commutation, but even to in¬ 
crease it beyond the value of half the brush current. In this case 
the extia current would flow through both segment surfaces, but 
owing to the fact that this current would be increasing while the 
receding segment was reducing its contact area, that segment 
would get hottest, and as soon as it reached the melting point an 
arc would be drawn and destructive sparking would ensue. 
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The problem that the designer of the modern machine has 
before him is to design a machine that will ran from no load to 
25 per cent, above full load without sparking, and without 
movement of the brushes. 

In the case of machines intended for lighting, the condition 
of no shifting of the brushes is not generally required, but most 
of our modern lighting machines are made to fill that require¬ 
ment. 

The current to be reversed therefore varies from the exciting 
current of the machine up to 25 per cent, above its full load cur¬ 
rent. The inductance e and the ck drop in the coil also vary in 
this proportion, and for perfect commutation through all these 
varying loads it would be necessary for the reversal e also to 
vary in the same proportion. As a matter of fact, the reversal k 
does not vary in anything like the same proportion, and may even 
decrease with increase of load, on account of distortion of the 
flux coming from the field by the armature ampere-turns. 

Perfect commutation for any particular position of the brushes 
can therefore only take place at one value of the load. At 
heavier loads than this critical one the current is not completely 
reversed before the segment leaves the brush and at lighter load's 
it is more than reversed. This problem may be stated a little 
more precisely in the following manner- 

Assume that the brushes are set as far back as is consistent 
with sparkless running at the maximum load at which the ma¬ 
chine is required to run sparklessly. This means that the re¬ 
versal e is just equal to the coil impedance e at that point. Now 
let the load be removed gradually. The impedance e of the coil 
under commutation is reduced, while the reversal e remains 
practically constant. The tendency is therefore for the current 
to be more than reversed, and this tendency increases as the 
load is reduced, until finally, when the load has been removed 
entirely, there is no current to reverse, and the reversal e simply 
tends to produce a current in the coil under commutation. The 
production of this current is now opposed by the inductance and 
resistance of the coil, and by the resistance of the brush contact 
surfaces, the contact surfaces of the two segments being in series 
as regards this current. If the impedance of the coil is low as 
compared wrth this contact resistance, the reversal e would be 
small compared with the ck drop across the contact surfaces at 
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full load current. Therefore the current produced by the re¬ 
versal b would be small as compared with the full load current. 

We may also note here, that, whereas the variation of the con¬ 
tact resistances aids the reversal of the current, as soon as this 
current becomes greater than that which flows through the ar¬ 
mature, the excess current must pass across the contact areas of 
both the segments under the brush. The resistances of these two 
surfaces are then placed in series as regards this current, and the 
lowest possible resistance that these could have, would be reached 
when the brush covers an equal surface on each segment, mak¬ 
ing the contact resistance in the path of this current equal to 
twice the resistance of the contact surface of either segment at 
that time. The resistance of this path then starts at infinity, de¬ 
creases to this minimum and goes back to infinity again. 

Now examine more closely the order of events in commutation 
at no load. The resistance of the coil circuit first starts at infin¬ 
ity and rapidly decreases, while the reversal e starts at a minimum 
and more slowly increases. As soon as a current commences to 
flow, inductance k enters the problem. If there were no con¬ 
tact resistance, the current would reach its normal full load value 
at about the middle of the commutation period. This of course 
assumes that the reversal e is of such a magnitude as to reverse 
the current at full load without the aid of the varying contact 
resistances. In fact the reversal e does a very small part of the 
reversing at full load when the inductance is small compared 
with the contact resistances. The current at the middle of the 
commutation period would therefore be much smaller than the 
normal full load current, even if there were no contact resistance 
to limit it. Now introducing this contact resistance, which starts 
at infinity and decreases to a minimum, which may be several 
times greater than the impedance of the coil, the current must be 
reduced at least in the proportion of the impedance to this mini¬ 
mum resistance. During the rest of that period the resistance is 
increasing till at the end it has reached infinity again. The cur¬ 
rent, already very small, is rapidly cut down till it is too small to 
produce a visible spark at the break, and the commutator has 
not been heated up enough at any point to produce arcing. 

The same principles hold in the case of machines whose brushes 
must be shifted, the range of sparkless commutation only being 
less. 
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There have been some machines, however, which would not 
run sparklessly for any position of the brushes. This is readily 
explained .on the hypothesis of too high an impedance, for in 
that ease the variation of the current during commutation will 
be mainly governed by the impedance and reversal e, instead of 
by the variation of the contact resistances, so that even if com¬ 
plete reversal is exactly attained, the current density at other 
parts of the commutation period does not remain constant, with 
the lesult that the total energy of commutation is increased. A. 
large part of this energy is concentrated at the beginning and 
end of the commutation period, thus producing heating at the 

edges of the segments, with its corresponding melting of the 
copper and arcing. 

These considerations indicate two ways by which sparkless 
commutation may be assured. First by increasing the brush con¬ 
tact resistance, and second by decreasing the impedance of the 
coil under commutation. 


The limitation of the second of these conditions is merely one 
of economical design, lowering of the inductance below a certain 
point increasing the cost of the machine. 

The limitation of the first condition is that of rise of tempera¬ 
ture of the commutator. It has been shown that for perfect 
commutation the current density is constant and uniform throimh- 
out the whole period of commutation. Its value is found by di¬ 
viding the total brush current by the contact area of the' seg¬ 
ments under a brush. This varies inversely with the brush con¬ 
tact area, and the energy developed therefore varies in the same 
proportion. The amount of commutator metal to be heated as 

rent den to H ^ i " erse ' 7 wi,l ‘ *’>» cl¬ 

ient density, so that the rise of temperature probably yariee 
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suit m a much greater rise of temperature. SJ 
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By taking these facts into consideration, however, and prop¬ 
erly proportioning the contact areas and inductance, commutating 
machines may be designed to run as cool with copper brushes as 
with carbon wherever this may be desirable. 

Ihe ieasoning so far has been based on the assumption of but 
one coil being commutated at a time. This assumption will only 
be true when the brush thickness is equal to, or less than the 
width of one segment, plus twice the thickness of the insulation 
between segments. In practice, brushes are often made to cover 


a segment and a half, sometimes two segments or even more than 
this without deleterious sparking. This means that the current 
in two or more coils is being commutated at the same time. 

At first sight this appears to be an advantage, since it enables 
us to get the same current density with less length of commuta¬ 
tor, but the time of commutation is increased, so that while the 
rate of development of energy is not changed, the total amount 
of energy developed will vary with the time of commutation, *md 
in addition to this, the amount of metal to be heated and the ra¬ 
diating sui face are both decreased, so that in this respect the 
change is rather a disadvantage than an advantage. Another im¬ 
pel tant advantage is gained, however, in that the increase in the 
length of the commutation period decreases the reactance of the 
coil by decreasing its frequency of commutation, so that the ratio 
of impedance to contact resistance is decreased, thus tending* 
towards more perfect commutation. This advantage^ again linn 
ited by the fact that the mutual inductance of two coils com¬ 
mutating at the same time increases the reactance of both. 


lo sum up, the deleterious effects of sparking are due to 
excessive local heating of the commutator contact surface, caus¬ 
ing the copper to melt, and an arc to lie drawn, the segments be¬ 
ing thus disintegrated. 

The causes of deleterious sparking are, either too great a de¬ 
parture from perfect commutation, or too high a current dens¬ 
ity. 

I 01 feet commutation can only be practically secured by mak- 

ing the impedance of the coil negligible as compared with the 
contact resistance. 

A comparison of the sparking constants of a large number of 
machines was made before this theory of commutation was evolved. 

It has been fouxid to explain many cases of sparkin^ 1 , which 
had before been unexplained. b ’ 
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It has been found difficult to determine definite safe working* 
constants, on account of the small number of tests that have been 
made to determine accurately the inductance of the coil under 
commutation and the effect on each other of two or more coils 
commutating at the same time. 
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Discussion. 

The Chairman (Mr. Steimnetz):—We have listened to a very 
interesting paper, and I believe Mr. Reid deserves our thanks very 
fully for the masterly manner in which he has dealt with this 
very difficult problem; the most difficult problem, I believe, in 
the design of direct current constant potential machinery, which 
electricians have had to meet in the development of the last ten 
or fifteen years. The discussion is now in order and 1 call on 
Mr. Dunn to open it. 

Mr. Gano S. Dunn: -I agree with the Chairman as regards 
the importance of this paper. It was in reference to this feature 
of dynamo design that Lord Kelvin observed that if as much time 
had been put upon direct, as has been put upon alternating cur¬ 
rent apparatus, the direct current would have been as far ahead 
to-day. In the comments 1 shall make on Mr. Reid’s paper, I 
only desire to bring out further information so that the subject 
may be advanced at the end of our discussion. 

Mr. Reid states: “'1 he amount of current which will flow from 
‘‘the brush direct to segment 2 depends on the difference of po¬ 
tential between the brush and segment 2, and on the resistance 
“of the contact area of segment 2.” Later he states that the re¬ 
sistance of the brush is negligible. I think that he is in error,— 
First, that the resistance of the contact area of the brush is what 
controls the distribution of current from one segment to the other, 
and second, that the resistance of the brush is negligible. My work 
has been to show that the latter is a large and controlling factor 
in the problem and affects commutation more than does the con¬ 
tact resistance of the brush with the commutator. In proof of 
this, 1 will cite the fact that a carbon brush which will stop the 
sparking on a 25 h. i>. motor wound for 110 volts, will not stop 
the sparking for the same motor when wound for 500 volts. 
But a graphite brush or carbon brush of very much higher 
resistance will stop it. In the same connection, where a 
copper brush will not stop sparking on a 110-volt dynamo, a 
copper gauze brush will—I believe because of the higher resist¬ 
ance of the gauze and not because of the diminished contact area 
resulting in a higher contact resistance. I believe that the re¬ 
sistance of the brushes is as much a function of the design of 
dynamos as the resistance of the armature winding, and that the 
resistance of the brushes should increase for a machine of given size 
and output with the square of the voltage for which it is wound. 

I have been able to prove this law partially. It is impossible to get 
carbon of all grades of resistance, but graphite may be obtained 
of any resistance above a certain point to 200 ohms to the inch 
of length, and I have had made, brushes of varying resistance and 
found that the low resistance brushes will commutate for low vol¬ 
tages and the higher resistance brushes will commutate for higher 
voltages, and so on, and while I have not been able to prove the 
law as one of squares, yet it seems to go up in about that pro- 
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portion. I would also call attention in this connection to the 
Wirt brushes which are effective in stopping sparking. They 
depend on the higher resistance of the leaves of the brush near 
the outside, to compel the reversal of the coil when the segment 
is near the brush tips. Now if it was contact resistance, the con¬ 
tact resistance of the external leaves would not differ sufficiently 
from that of the internal leaves to account for the reversal, and 
Mr. Wirt finds that by changing the specific resistance of the 
external leaves of his brush he completely alters the commuta¬ 
ting conditions. 

^. ro P Pph^i^I in the brush itself is negligible as com¬ 
pared with the circuit voltage, but is not negligible as compared 
with the reactance of the coil under commutation. 

££ further on Mr. Reid states: a JTlie d. p. in the coil 3—2 depends on 
^ three factors, the or drop in tire coil, the counter- e. m. f. of self-in¬ 
duction due to change in the value of the current and the e m. f. 



Fig. 1. 

“ due t0 cuttin ? the lines of force of the field.” And “the or 
drop varies with the current flowing in the coil.” And later 

actance 5^°® dr ? P “ an . appreciable part of the re- 

to dhl tJ^5V d a T Wlth which 1 haye had mostly 
Sr cent of ?L ZlT 7 F ne g le ^ed, for it forms but about ten 

LwTehfnd^lr^ 06 - T i 1,S . br i n S s U P the question of 
oh hrte™s^rf+v?H,?i aC nCe lnt r° f faG ^ ors of inductive and 
vem alo whieh T ^ nr P , Ut : p0Se I devised a method some five 

Electrifal Soeietv fl nd b wS e S P & 1 f* nre before the New York 
vJl Tf ] 7 a ? d wlncl1 1 found to work experimentally very 

iTfil' « 14 1 ! !f r I ed m I purposes well until recent date when \ 

h^5^ instead ef determining 

tnem empirically Ihis method of determining the reaction of 

matu“tF4i e rwe Sll0f W the b ° ard ' n Let A (%■ 1) be an ar¬ 
mature ot which we wish to measure the reactance Fix it in 

bearings away from the influence of any field and be prepared to 
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drive it with a pulley at its normal speed. Then take its normal 
full load current from some external source, and pass it through 
the armature. Now attach a voltmeter from b to b' and note the 


drop in the voltmeter. This drop will represent the ohmic drop 
of the conductors in the armature, plus the drop due to the contact 
resistance. Now spin the armature and note the increase of the 
drop across it. There will he an increase, because as the current 
enters the armature, it divides down both sides equally and goes 
through coils on each side of the brush, which have considerable 
self-induction, and as the armature revolves each coil has to be 
reversed which its self-induction opposes. Therefore the current 
passing through the armature being opposed, the voltmeter will 
rise. Now subtract from the voltage when the armature is run¬ 
ning, the voltage when it is at rest, make allowance for the con¬ 
tact resistance, which may he determined, and for resistance of 
the brush, and you have directly in volts the reactance of the 



armature, and you have it in the way that you most desire to know 
it. This method measures the reactance at the coif’s own high 


frequency and not at some lower one. 

To design dynamos from this empirical method, it is only nec¬ 
essary to take an armature whose reactance you have measured, 


as a standard of comparison. Measure the length and the depth 
and the width of its slot, which indicate the permeance and 
make the dimensions of slots of the new armature in proper ratio 
to the old. If you want an armature with half reactance make 
the slot twice as wide, or half as long, or take out some of the 
turns or use half the frequency. With these empirical methods 1 
have arrived at very accurate and good results. .Recently this 
inductance has been computed, taking into consideration all 
the factors, and it is remarkable how closely it agrees with the 
results measured as above. It comes out a little higher, and this 
I believe is due, as Mr. Steinmetz suggested at the General Meet- 
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mg at Greenacre, to the fact that the frequency of reversal in the 
armature is so rapid that the self-induction conditions are altered. 

a U, t'lnnT , the C01 ? f a dir 1 ec . t current ar mature varies from 

about oOO to 1500 a second, which is much higher than ordinary 

Now + eitber b -> 7 computation or by this measurement 

many vAlt? me °+ Ut ’ wll6n 7 °?f 6 desi g niri g a machine, just how 
many volts leaetance you will have, and can proportion the i •esis~ 

--■ t mi l! yccr brushes accordingly. I have done this a 

g FuiX^aI^t 8 p d v ie resuld ! bavebeen what wer e predicted. 
« 011 M , r - ,f eid sa y® • Tbis arc constitutes the injurious. 

ia " ™T- 8park ^- + - 1 WOl ] 3d note in tbis connection that there 
is a certain condition of sparking which rapidly develops 

he" thZ\L Ttr 1 th f k * is due t0 tha *ct that 

BFilTlf’ t ™ of current coming down the brush 

oe of acloum ni 2 reduces tbe resi ^ce of the 

a£ce when W 7 ° f Carbon ’ ° f reduc mg its resist- 

w en hot, and this resistance once reduced, the brush is de- 



Kefoi* 8 aM% *° re ’ erse * he « oil * stiil greater measure 

riiisM™ drums "! the fa *Mtmce between 

nrefu nf. it LT Why ’. 1 have not ? et beea able to prove but I 

Tdram anA«! C - aUS uff- ng - eXp0Ses considerably more area than 
a arum, and has m addition internal surfaeea Tf t?- a • 

ring armature, and c is the coil the nath^Jf Fg ‘ 2 ’ B la a 

slot, and also up through the’air Vint- +r 0 mes is across the 

shown iuside the ring; fhereas in a drum ,rLT pat \ s aS 
the coil is wound straight across the IT??’ where 

ha wvu the P eri P beral surface to the other. D 6 ° n 7 from 0ne * 

works ouXs problem has M fsS1he e t tZ “ f<° me of his earliei * 

tion ” and “forced commutation ” ? aturaI eommuta- 

meant such commutation as T i® 7 atu , ral commutation he 

the reverdug™ bTf3 commut^”’u Wllere ,he b ™ hes <M 

which is done magnkah, bjZ”^ 
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are not as appropriate as they should he, and propose the terms 
“resistance commutation'- for the one in which the brush does the 
work, and “magnetic commutation” for the one in which the 
pole does the work. 

Towards the end of the paper, Mr. Reid states: “These consid¬ 
erations indicate two ways by which sparkless commutation may 
“ be assured; first, by increasing the brush contact resistance, 
“and second, by decreasing the impedance of the coil under com- 
“ mutation.” If we could increase the brush contact resistance 


indefinitely we should have a solution of all our troubles. It 
would only be necessary to build very large commutators, and put 
much clay or foreign matter into graphite to get it of very high 
resistance to commutate a 20,000-volt dynamo if you please. But 
when a brush gets up to such an exceedingly high resistance, 
the resistance is comparable to the resistance of the hot air at 


the edge of the brush where the spark occurs. At s, Fig. 3, 
the resistance of the hot air may be lower than the re¬ 
sistance of the brush, and when you have reached this point 
it does not pay to increase the resistance of the brush. By 
decreasing the impedance of the coil under commutation we 
have the only solution that leads us to hope for perfect 
commutation. Mr. Reid states that the limitation of this 


condition is merely one of economical design lowering the 
inductance below a certain point, and increasing the cost of the 
machine. That is very true. But not only does it increase 
the cost of the machine but it decreases its efficiency and decreases 
at the very point at which we wish a very high efficiency— 
namely, at light loads; and the machine that is sparkless from a 
low reactance in its coil, has to have in addition to having its slots 
of proper design, a large flux, and a large llux while not antagon¬ 
istic to economy at full load, is very antagonistic to efficiency at 
light loads. Mr. Reid states that the limitation of the first con¬ 
dition is that of the rise of temperature of the commutator. Com¬ 
mutators in the future will be designed with a certain number of 
watts per square inch of radiating surface, the same as armatures 
and field magnets have been designed in the past. 

There is an important point, however, that ought to be brought 
up in this connection. A great many engineers specify a current 
density in carbon brushes of 30 amperes per square inch. This 
rule is good as far as the conducting capacity of the brush is con¬ 
cerned ; but from a scientific point of view is of no use whatever 
as affecting commutation. Fig. 3 shows a commutator, and its 
brush a. under conditions of no self-induction, and b with self- 
induction present. If you think to design for 30 amperes per 
square inch density, and have a high reactance in the armature 
coil, what is going to happen 'i What Mr. Reid calls the “ centre 
of commutation ” will move from the middle of the brush over 


into the toe towards s, and the higher reactance the further into 
that toe the centre of commutation will move, resulting in having 
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nlrSfl °! J< 7 C ™U oill S down through a small region 

x, • to , e ’ aiK | Poetically none going through the rest. You 

think you have ->f) amperes iicrsomire i. 1 ,,i. ., .1 . 

200 It- ,' a a . 1D „ ,/ 1 1 s, l liaic in<J h when yon may have 

1 „ easy to liave a lesser actual density than this in a 

tenti m I d amp f re ® I** square inch apparent density by due at¬ 
tention to the inductance, and it is at this latter point specifications 

conllm-tTm’ f v 0t at th ° densit y for 6in 'l>fe conduction The 
conduction density is not one to go by, although it is very m-eutlv 

med and insisted upon. The way to figure the watts per^mar'e 

111 c 1 a commutator will have to emit, is to take the reactive volts 

ZSi'L "'““'1 [ T? "W-W. or* 

Two, dSifo 1 ' nm 'r *t *«*™ f «s. 

brash I wdl stotetl o I! 1 ' 0 (I T ,,d T m th ° of the 

o u n. 1 will state that the reactive volts in a. 25-horse-imwer mm 

volt armature are about two volts, and the ohndc dr in H e 
same armature about five volts. 1 the 

With regard to the number of sections that a brush should 

ZZ’JJTT* with . M ';- , K “‘ 

that, — HT', ’• llOVC T 1 ' 6 11,0 ^poriineiit,a,i,l ti„3 

brusl when Ion . 0 m V T ing S ^, two «egmcnte-aml the same 
Jiu-Sli when you have hied away the edge so that it covers , m lv 

differ fo r 10 0 per cent, increase 
if.mt n }; 7 %»*]» l>er<^i.it. This leads to a/mTiTiKffii 

V 4 generally known, of the effect on its sparking of the number 

m T en s m “ armature. It is thought that to increase [he 
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bu that the reactance of the armature driving tlu! volume ,!f ?! ’ 

t over into the toe, determines how much of the brush shill he 
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used, and therefore it is immaterial whether we have the whole 
or a part of the brush bearing on the commutator. The criterion 
that I have established for armatures, is the number of volts that 
the reactance figures out or measures for a given circuit voltage. 
On 230-volt machines with ordinary carbon brushes, commuta¬ 
tion will take place sufficiently well for heavy duty with a re¬ 
active voltage of two volts. If the machine is to be used for 
intermittent work, and has to have its brushes in the middle, this 
voltage may be increased to five volts. For 500-volt machines 
where you can use graphite brushes and have them of as high 
resistance as you please, the voltage may be increased to double 
these values. The design of the dynamo ought to be decided 
for reactive voltage of the coils, as it is decided for ohmic resist¬ 
ance of the armature, for electro-motive force and for other 
features. 

One more point, and that is Mr. Reid speaks of perfect com¬ 
mutation as being obtained by the resistance method. I have 
pointed out the limitations of resistance commutatio n. I think 
that if we ever design vnF^ nt dynamos 

we shall do it by means of magnetic commutation. The objection 
to magnetic commutation at present is this: The fringe 
at a pole shoe is practically constant, or worse, it grows smaller 
as the load grows larger. Your commutation electro-motive force 
therefore is fixed, while the electro-motive force of self-induction 
in your coil varies with the current the coil is carrying. 
It is zero at no load and high at full load. What you have to do 
is to set the brush for average conditions and have it hold 
the commutation back at light loads and help it at heavy loads. 
If we have a means of magnetic commutation, e. g., a proportion¬ 
ing of the fringe so it varies in strength directly as the load, why 
can’t we depend on magnetic commutation for all loads and for 
very high voltages? Such for instance would be a supplementary 
magnet with a coil around it in series with the current going 
through the motor. As this current increased, the magnet 
would strengthen and give more magnetic fringe for magnetic 
commutation directly in proportion to the need of the coil. I 
have been working on a method of this kind to be applicable 
to high voltage machines, and while in the course of every-day 
life we are very busy and do not have a chance to develop ail 
our ideas I hope some day to see high voltage generators de¬ 
signed on this principle. 

The Chairman : — (Mr. Steinmetz). Gentlemen, w r e can con¬ 
gratulate ourselves on having had Mr. Reid’s masterly paper sup¬ 
plemented by the very interesting and valuable discussion of Mr. 
Dunn. 

# There is one point in Mr. Reid’s paper towards the end, in the 
discussion of the desirable width of brushes, which may be slightly 
modified by taking into view another quantity—the friction of 
the brush on the commutator, which heats the commutator just 
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a ? ,p 2 R does. This friction Joss varies naturally 
with the width of the brush. So taking this into view his con¬ 
clusion should be slightly modified. 

n a 7 a *f w . er ^ r * d3unn regarding his desire that commutators 
snouici be designed by considering the watts per square inch, that 

S+U b °v i r° JeanS paSt a11 the c p mni stators of the company 
Dtp atT 10 \ “ported are designed this way, by calculating 
5,® fZ gJ 2 l ° S i 0t f 10 , commutator by the friction of the brush 
t i c E oss °f the contact resistance, and figuring thence 
the necessary area of the commutator to dissipate this amount of 

nerifce irii °, ut b ^ Mr. Duni b the mse of very low im- 

WHn« T n Clent ’ due t0 the vei T % h flnx ' giving high light 
/°f B , J 1 tbe commutator you have a similar feature. The 

tion loss i« p n le i ™ S1 c c n y et varies with the load, hut the fric¬ 
tion loss is constant, and thus a light load loss. The lower you 

load efficSncTo/^^V 0± \ the T hn ? sIl > the lower also is the light 
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commutator of +i en , 0nn0U8 amount of energy is wasted'at the 

this loss is vefv ? 6 ° W y l age macllines 111 a 50-volt machine 
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not 30 smnpmo Ja nest cuilent; density at the brush contact, is 
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it is 1 the contaS r^Sf ’ ^/.^e/ather with Mr. Reid that 

brashes can be i k IS . undoubtedly true that special 
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the word magnetic commutation, for the reason that the word 
magnetic commutation has a definite meaning already. It means 
the commutation of the magnetic circuit. There are quite a 
number of apparatus in commercial use now-a-days where com¬ 
mutation of the magnetic flux takes place, as magneto-potential 
regulators and such apparatus, where primary coils and secondary 
coils are stationary with regard to each other, and merely the 
direction of the magnetic flux is changed by moving a part (if the 
magnetic ^ circuit. Even the ordinary inductor alternator is 
really a kind of magneto-commutation machine. Thus I think 
to avoid confusion it is better to find another term expressing this 
phenomon. 

Mr. Dunn: —May I comment on your remark about the re¬ 
actance? The reactance of a dynamo at double voltage would 
be four times the reactance of the other if the current were the 
same; but the current is only one half; therefore the reactive 
volts vary as a direct function of the circuit voltage and not as 
the square, and therefore the resistance of the brush requiring to 
go up as the square, does not follow the same law as the increase 
of the reactive volts. 

The Chat rm a n :—Yes, it does; because, the resistance volts 
decrease with the current. If the reactance volts increase only 
proportionately to the voltage, the resistance volts which enter 
the same circuit decrease with the current, that is, inversely pro¬ 
portional to the voltage. You either have to compare resistances 
and reactances, or resistance volts and reactance volts; in either 
case, you get proportionality to the square of the voltage. 

This leads to another feature which 1 forgot in discussing 
the reactance volts. This reactance e. m. k. is really not a con¬ 
stant voltage. In your experiment the measured voltage really 
does not give you directly the reactance, because the reactance 
K. m. e. is not a steady voltage during commutation, nor is it an 
alternating voltage, as the term “frequency of commutation M 
implies, but it is a very complex exponential’ function Since the 
resistance varies with some kind of linear or even more complex 
law. the problem of commutation leads to a ditTerent in! execution, 
which we cannot integrate any more; that is, 1 d<» not know 
whether it can be integrated ; 1 tried once and <ii<i me succeed. 

Mr. Dunn: — ! do not think after this 11 wit uiobody will 

« 

attempt to integrate that equation. 

The Chairman: —Is there any more discussion on ; 

Mr. JR,eid:—I may he able to start this <lb<*n 
speaking of some of the questions brought up by M' 
marks. To begin with the first thing, lie vpeal. 
resistance itself being of more importance Ilian fh« : 
resistance, and he says that he has measured tin D 
in special cases and found that the brush reTon 
increased, lias stopped sparking. Tin? question ! i 
me was, whether the brush contact resistance w.» 
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the same time. I have not tried it and do not know. I have 
only used one form of carbon brush, and I have never used the 
Wirt brush. In the ease of the difference between the copper 
brush and the gauze brush, it struck me that the contact resist¬ 
ance of the gauze brush would be higher than the strip copper 
brush. 

Then, in regard to the c u drop of the coil under commuta¬ 
tion being negligible as compared with the reactance, I have 
found that in a good many cases, but not in all, and I think that 
Mr. Dunn’s finding it so can be explained by some other points 
in his discussion. He says that he gets two volts reactance 
in a 35 horse-power motor/ In no motor that I have dealt with 
have I got over half a volt reactance. So I imagine that he must 
get rid of his sparking by some other means than I have used, as 
two volts would chew my commutator up in very short order. 
In all that Mr. Dunn said, it impressed me that he was still 
clinging to the idea that the cause of injury in sparking was this 
jumping of the spark across the gap between the receding seg¬ 
ment and the brush; I am not sure that I was right in that, hut 
that was the impression I got, from his remarks. Now the main 
point, that I intended to bring out, in this paper was the fact that 
the injury was done before the segment left, the brush ; that the 
spark was a mere indication of injury already done ; that is, when 
the segment leaves the brush, the'eopper has already been melted ; 
the current, goes through this melted film of copper and volatil¬ 
izes the copper which would have been taken away from the 
segment, anyway. 

In regard to the test for reactance, I agree with Mr. Steinmetz 
in that.. We have a variation of contact, resistance all the time, 
and various other quantities that would make it very difficult to 
say just what was measured by that test. I never heard of the 
test before, and would not be' sure that it was not accurate, but 
at the first sight it appears to me to take in too many variables 
for ns to be certain what we have when wo get through. 

Then, in the latter part of Mr. Dunn’s discussion, he seemed to 
ine to assume imperfect commutation. He speaks of the limits 
of resistance commutation. I do not see that he mentioned any 
such limit, and I do not see lmw there could he any as far as 
commutation was concerned. Of course, the resistanee'eommuta- 
tion, what I have called perfect commutation, might he very ex¬ 
pensive. That is one limit. Hut otherwise, the more perfect 
the commutation, the better the machine. 

In regard to magnetic commutation which he recommends, and 
winch he says might be done by means of an extra pole. So it 

e have been trying to do it for a long time, but, I 
haven t found that anybody has succeeded very well as yet. Wo 
have had various shapes of poles and various other devices for 
performing what he calls magnetic commutation. .But, I have 
yet to see any machine regularly manufactured, with any simple 
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form of magnetic commutation. There are one or two, or one at 
any rate, the Ryan dynamo, which is very complicated. There 
is no other that I know of that has been regularly on the market 
but if anybody can get it, I think it is a very good method. ' 

lhen there is another objection to that also, that I mentioned 
in my paper, and I tliinic really it is the reason that these mag¬ 
netic commutation machines have not been successful. When 
speaking in the paper of the machines that spark at any position 
of the brushes, I attribute that to the fact that the commutation 
was entirely regulated by the inductance or impedance of the 
coil and the reversal e. m. r., and therefore the density in the 
brush contact might vary even if the current were reversed, and 
if the brush density does vary, the energy of commutation in¬ 
creases necessarily, and if, therefore, you commutate by means of 
a pole-opposing inductance, you will get a variation'of current 
which is not the best for low energy at the contact surface, and 
the energy may be concentrated at the point near the edge of the' 
brush, where it would do most harm. 

Mr. I)unn : — With regard to the first point that Mr. Reid 
makes as to the resistance of the brush, stating that he did not 
know but that my cases had been accompanied by a diminution 
of the brush contact and therefore a change of the brush contact 
resistance, I would say that I have had a machine that sparks 
with a copper gauze brush of 30 mesli and I have put upon the 
same machine a brass gauze brush of the same dimensions and 
mesh and it stopped the sparking. Row I think that leaves very 
little chance for change of contact resistance. 

Mr. Reid— May I interrupt you a moment ? Wliat I meant 
was not change in the area, but change in the resistance due to 
change in the substance. I did not mean to say that you had 
changed the contact area of the brush, but simply that the change 
in the substance of the brush itself with the same contact area 
would change the contact resistance. 

Mr. Dunn:— As to that, I do not know. But Prof. Crocker 
had some experiments made a year or so ago upon the contact 
resistance between moving metal surfaces of copper and 
various brushes bearing upon it, including carbon and various 
metals, and as I remember it, the contact resistance did not vary 
very much between the different metals. We can certainly get 
the information from that source. 

Row with regard to the aspersions upon this two volt reac¬ 
tance. I have designed machines that have sparked, but in 
this case you are attacking one that does not. The armature 
wound for 500 volts, has even between four and five volts reac¬ 
tive drop, and I have run it at 60 per cent, overload with practi¬ 
cally no sparking, and at 20 per cent, overload with absolutely 
no sparking. 

With regard to the damage being done by the sparks at the 
toe of the brush, I thoroughly agree with Mr. Reid. He has 
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brought out a very valuable point. Commutators can be cut 
very badly and injured so that the machine is useless, without a 
spark appearing at the brush until after the harm has been done. 

With regard to the contact resistance, I have before me some 
results of a test I made this afternoon, thinking to compare the 
contact resistance of graphite with the contact resistance of carbon 
which I knew about. With carbon, the contact resistance is not 
constant, but rises very rapidly at first with the least motion of 
the armature. The armature, if stationary, might have a drop 
across it of 4.2 volts when the slightest motion by the hand 
would bring that up to 4.4 volts, but after that first rise has taken 
place suddenly, then it seems to go on evenly. Now this is for 
carbon, and gives two-tenths of a volt due to change of contact 
resistance with speed, out of a reactive drop of 2 volts; which 
shows if we do make an error in estimating the change of con¬ 
tact resistance, it will not affect our result very largely; but the 
same cannot be said of the graphite brushes. The graphite brushes 
behave in the most extraordinary manner. The volts may go up 
a whole volt when you start to turn the armature the smallest 
amount. I suppose that is due to the nature of the graphite and 
one reason why telephones are so good. 

. regard to magnetic commutation, I was only indulging a 
little. I know that the magnetic commutation has not been suc¬ 
cessful so far, but that does not mean that it cannot be, and I 
simply hope to see it successful. 

. The Chairman : — Gentlemen, it seems to me that the ques¬ 
tion whether the contact resistance or the internal resistance of the 
brush is larger, is a more relative one, and depends on the kind 
of brushes used ; With ordinary carbon brushes, I know that 
the internal resistance of the brush is entirely negligible com- 
paied. with the contact resistances. J3ut with these "Wirt brushes 
with insulation between the leaves, the internal resistance of the 
brush may be far larger than the contact resistance, although I 
have never tested them. Now, the effect on the commutation 
must be undoubtedly very nearly the same whether the resistance 
is m the contact or internally. In regard to the question whether 
the contact resistance depends on the material or not, I mav state 
that it does depend. The contact resistance of the ordinal com¬ 
mutator brush carbons is many times larger than the contact re¬ 
sistance of copper brushes. Curiously enough, the contact resist¬ 
ance of graphite is very similar, but the magnitude of the re¬ 
sistance drops given by Mr. Dunn is entirely different from any¬ 
thing 1 ever found at the current densities commonly used. The 
contact resistance voltage of continuous current machines is found 
something like one volt or more, but not tenths of volts. It 
varies slightly with the speed, not very much. This resistance 
applies to the carbon brush on a commutator running at some 

thousand feet a minute, not standing still. Standing still, the 
resistance is very much less. 6 
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Mr. Dunn : I would like to bring out one further point that 
may be of interest. It has a bearing on the fact that the resist¬ 
ance of the brush and not of the contact has to do with the re- 
versal of the coil. I do not mean that the contact resistance has 
no effect, but the volumetric resistance does have a large effect. 
I have taken sparking which would occur with a brush of the 
kind shown at big. 4, and have stopped it by using a brush of 
about the same spread on the commutator, but inclined as at b. 
lhat would make, you see, the reversing current volume, which is 
thrown over into the toe of the brush, discriminate betw r een the 
toe and the heel of the brush, and help the reversal by having a 
longer path of consequently higher resistance at the toe. If it 
is true, then the form of brush which bears on the commutator 
in the opposite direction, as in c, Fig. 4, would be less valuable 
for stopping sparking than the other, but I have never made any 
measurements or experiments on this. 

Dr,. A. F. Ivennelly: — One of the principal points in this 
very interesting paper is one that seems to me to have occupied 





less attention than it deserves. The theory of sparking considered 
in the paper is more than the theory that has generally been ad¬ 
vanced, by reason of the melting process. The theory considered 
here is the theory that has generally been advanced plus the effect 
of melting the copper and discharging that melted copper across 
the gap. In other words, Mr. Reid has taken the ground that 
the damage is done before the brush leaves; whereas according 
to the ordinary theory, the damage is not done until the brush 
lias left the commutator bar. It seems to me that this can 
scarcely be differentiated from the ordinary theory, because when¬ 
ever the conditions are present which will produce a powerful 
discharge at the moment of leaving the bar, it seems to me that 
you have the conditions which will produce a very powerful cur¬ 
rent and produce this very melting he speaks about. In other 
words, you cannot have a powerful current density at the edge 
of the commutator segment, such 'as would melt it, without hav¬ 
ing the conditions favorable to producing the very discharge that 
the spark ordinarily has been considered to be. The cause of 
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sparking, we all agree upon as being a difference of potential 
between tlie edge of the brush and the edge of the commutator 
segment, and that difference of potential is ordinarily due to self- 
induction of the coil and the commutation. The electro-motive 
force of the self-induction is that which produces the discharge. 
That electro-motive force can be neutralized in two ways; first, 
by the resistance method, by opposing to it a drop of pressure 
produced in the toe of the brush producing an electro-motive 
force available for opposing the electro-motive force of self- 
induction. The second way is by introducing into the moving 
coil under commutation, an e. m. f. induced by magnetic dux. 

In some cases that is done by forcing the brushes forward. In 
other cases it is done by employing a separate pole, as in the 
Ryan and Sayers machines. When you get a sufficient differ¬ 
ence of potential at the point of discharge to obtain a powerful 
spark, surely you are likely to have a sufficient current density at 
the edge of the commutator bar to produce this high temperature 
and melting and volatilizing. So do not these two effects of 
sparking and melting merge together, and shouldn’t they be con¬ 
sidered as parts of the same phenomenon, rather than two separ¬ 
ate phenomena, which Mr. Reid in his paper leads us to suspect. 

This interesting method of determining the reactive drop in 
the armature of the machine described by Mr. Dunn, cannot 
of course, give the reactance of the whole armature, but only the 
apparent reactance of the armature, when working as a con¬ 
tinuous current generator, including as Mr. Steinmetz lias pointed 
out, the variable surface contact resistance under conditions of 
vibration and rotation, the conditions of variable surface on the 
brush, and the conditions of inductance in one coil, as modified 
by the local surroundings, since if you put the same armature in¬ 
to the pole-pieces, the apparent inductance of the coil is liable to 
be varied. But the method shows how carefully we should dis¬ 
tinguish between what is commonly called the resistance of the 

armature including the brushes, when stationary, and when rum 
mng. 

Mu. Reid In regard to Dr. Kennedy’s contention that the 
melting would not occur unless there was sufficient energy at the 
edge of the.brush to draw sparks, there was one kind of commu¬ 
tation mentioned, where there would be no sparking with de¬ 
struction of the commutator, and on the other hand there was 
another where there would be sparking without any injury to the 
commutator. The first case, was where the entering se’gment had 

thl 1S on^ CnYreilt inch . thai1 receding one, where 

the copper was melted m the front part of the segment and 

Tw„ d °™, r to b ,r k - Th ** is ^e 

2®'T iS2“ to T? rad ,l* 1 ^ly weal's away and the spark appears 
attei a while. Then the other case was where the current is not 

rif 1 / Vt®-” a. segment leaves the bashbu 

the segment leaves the brush with a small difference of potential. 
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and the spark jumps across and does no harm, because the main 
part of its energy is dissipated in the air between the segment 
and the brush. Unless there is melted copper there through 
which to draw an arc, as you do in an arc lamp, no harm will be 
done. That was the principle I brought out, and I think still 
that that is a correct one. 

Mr. Dunn :—In vindication of my method, the experiments 
and the computations also will show that it does not include a 
number of uncertain quantities, or quantities of importance in 
comparison with the result. Mow, in this armature our reactive 
drop (which is the difference between the drop when the armature 
is standing still, and when it is moving) is about two volts. With 
carbon brushes in which the variation of contact resistance is 
small, the measured valueof the reactance comes out about three- 
quarters of the computed value after all allowances have been 
made for contact resistance, brush resistance and variation of con¬ 
tact resistance with speed. I think this remarkably close in view 
of the very high frequency which introduces uncertain elements 
and is a proof of the method. 

Mr. Eennelly :—In regard to what Mr. Reid has said, no 
doubt it is true when you get sufficient current density at the 
edge of the commutator bar you will melt it, and no doubt it is 
true that when you enter a segment with too much current den¬ 
sity, you will melt the segment. But when the brush leaves a 
bar, if there be any considerable difference of potential between 
the two, there will be a spark. The question is, whether so soon 
as there is much spark discharge, there will not also be sufficient 
heat to melt the edge of the bar. 

Mr. Reid : — In the case of the Ruhmkorff coil, or any other 
coil of that character, you can get sparks all day, and it will not 
hurt your points. You can get large sparks, and the points may 
he mere needle points, and they will stay there all day. You can 
get the same thing in commutation. You can get sparks going 
from the segment to the brush, and provided there is no melted 
copper or volatilized copper to form an arc, you can get sparks all 
day that will not hurt your commutator. We often have what I 
call the blue spark, and we have it on railway motors all the time, 
—I do not mean on all of them, but we have it on railway motors 
that will run right straight along, year in and year out, with the 
spark,—and the commutator will be just as hard and glossy 
as you like. The spark is no indication of injury. The only in¬ 
jury that is done is when the copper is melted before the brush 
leaves the segment. We may have any amount of sparking, not 
vicious sparking, however, so long as you please, (I might say, if 
it is a blue spark), and it will not injure the commutator. 

The Chairman: —The best instance of such a harmless spark 
is the open coil arc light machine. That machine requires for 
stable commutation a spark of considerable length, and the spark 
runs on all night and day without hurting the commutator, be- 
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cause the current is limited—not sufficient to volatilize the 
copper. That brings up another feature, namely, that Mr. Reid’s 
paper and the whole discussion have dealt with one kind of com- 
mutation only, which, however, is not the only kind, because a 
veiy large class of machines, the arc light machines, commutate 
m an entirely different manner. With them it is neither resistance 
commutation nor magnetic commutation, or, as it is perhaps pre¬ 
ferable to call it, magnetic field commutation; but a different 
phenomenon, which would take too long to discuss here, but 
w ich might very properly form the basis of a separate paper. 
It takes place m open coil arc machines, alternating current recti¬ 
fiers and self-exciting synchronous motors or alternators. Thus 
you see, the commutation discussed in this paper is not the only 

E- Geyee:—I should like to ask the gentlemen who 
ell SC f Sed £ 1S T tt6r ’ Aether in their treatment they have 

been'^nimrlinu 0 ? 161 '! 6 ^ f ° rC6 which 1 think has not 

mothr force /' efere ? ee to thermo-electric electro- 

desnise int r @ & kn< l W 1S V f ry sma11 ’ and we ordinarily 
mefak is P i? ^ wh c ere tlie i unction of two similar 

relaSye v coffl T’ g - P °' ° f C -°^ ev ’ and the other ends are 
Mdering 1 gme We mi S ht £ et quantities worth c<m- 

in'5o H f«?«s A T E co AN: T I m T answer tliat question in the negative, 

ekctromot ve fnZ ^ y °- U CEn get the effect of thermo- 

evei ekcPomoS c fn bmCe ]la ™ g tw ,° cou P les in series, what¬ 
ever ei^tromotive force you get on the positive brusli must be 

opposed by an opposite electromotive force at the negative brush 
so the result must be zero, I should think. ° ' Uhh ’ 

brushes notTnThe have . refer ence to the action at one of the 
a sffigk brush “ ^ " Wh ° le ’ but t0 tIle action8 "ound 

respect CflAIEMAN ''~ T d ° n0t know of arj -7 tests made in this 

ceci t l!f r !i iS n ° furtker dis cnssion on this subject we will m-o 
“ Wireless^ TelegTphv^’"pi ramme ,’ an exhibition' of 

* ’-vsjg's r £ i( rz,% 

thanks from' ffif liiTura%o M^S'f “° ving f, Vote of 
The Ohaieman--T he moHn. -I £eid - f ° r h “ Y er T able P a l )er - 
here in the name of theC for‘hf, 1 ^ Mr ' Reid 
valuable paper which I am sure will L I interestl «g and 
our Te^sactxohs even afSyTars lm P orta «^ and value 

tion of^^reKTel t ^Sby^ mi T e is ] ? 0w n in ord f> an^ exhibi- 
to take the Chair. ^ ^ ‘ W1 ca ^ n P on Dr. Kennedy 
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Me. W. J. Clarke :—Mr. Chairman and gentlemen : Having 
been requested this evening to give you an exhibition of the Mar¬ 
coni apparatus, I am pleased to be able to say that I am in a posi¬ 
tion to do so. I think perhaps it might be well to give you a short 
explanation of the apparatus which we use. In the first place, 
.we have here on the front of the base, a Marconi coherer consist¬ 
ing of a small glass tube, fitted with silver plugs connected to 
platinum wires at the end. These plugs are very close together^ 
about the centre of the tube, the intervening space being tilled 
in with nickel filings. I have found that it is entirely unneces¬ 
sary to either exhaust or seal the tube. 1 also find that we can 
use almost any kind of metal for the filings. When the cohe¬ 
sion is examined under the microscope, I find that what we have 
to provide for is the proper size of the filings, and not the proper 
kind of metal. This coherer is placed in series with this relay 
which is of about 1200 ohms resistance, and made extremely 

f if 

sensitive, more so than the ordinary Morse relay. In series 
with it, also, are two cells of small dry battery placed in the 
base. These are arranged so that we can use either one cell or 
two, the object of this being that when the cells are new, we can 
use only one in order to prevent corrosion of the filings where 
they cohere. As the cells grow older we simply throw our a 
switch, and use two cells. This sounder is a 20-ohm instrument. 
It is placed in multiple with this cohering apparatus consist¬ 
ing of a 20-ohm vibrator placed in the base. The local battery 
consists of three cells of dry battery arranged as with the main 
battery, so that we can either use one, two or three of the cells. 
This Morse key is simply used in order that we may see that the 
apparatus is in proper condition. Pressing this key short-circuits 
the coherer. Our transmitter consists of an eight-inch induction 
coil. A much smaller one, though, is all that is necessary for a 
short distance. This coil has its secondary terminals connected 
with two brass balls, each an inch and a half in diameter. These 
balls are brought into close proximit}q in fact in most cases touch¬ 
ing two large brass balls, four inches in diameter. The large 
balls are securely cemented in the ends of a rubber tube, and the 
distance between them on the inside of the tube is about one- 
thirty-second of an inch. The space between the balls in the 
tube is filled with the purest quality of vaseline oil, and the 
moment that we close the circuit through the primary of the 
coil the electric waves generated strike the coherer, the filings 
cohere, and the resistance is sufficiently reduced to operate the 
relay. Sometimes we have trouble with this particular instru¬ 
ment, not on account of the system being imperfect, but on 
account of the fact that it is the first piece of portable apparatus 
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a vibrator on the coil at all. It is simply necessary to have a 
Morse key. . Tim coherer responds the moment you close the 
circuit, only in this case, of course, it simply coheres and deco- 

t^ y, and the circuit of the sounder is closed and 

opened. 

Me. Dunn:—I f when you close your key on the induction coil 
that causes the tilings to cohere, and then decohere immediately, 
your sounder here would make its down click, and be followed by 
its up click when the key in the other room has not risen. 

Me. Clarke:— Yes. 

Me. Dunn:— Then you would have to use some different sys¬ 
tem from the ordinary Morse for sending. 

Me. Clarke : — No, because when we use the vibrator on the 
coil, and everything is in proper adjustment, the tilings cohere as 
long as our coil is working, and decohere the moment we stop it 
by opening our key. 

Mr. Dunn:— The vibrator frequency is about 800 a minute. 



Diagram of Marconi Apparatus. 


Me. Clarke : — Well, I may say that the coil we are using is 
not the coil that we use for quick signaling. We use a Tesla 
coil for that purpose, a very high-frequency coil. 

The Chaieman : — I might suggest for the benefit of some who 
may not be familiar with the subject, that if you sketch the out¬ 
line of the connection on the board it may help. 

Me. Clarke : — I will do that, I might say that at some 
future time I would be very glad to show you "the stereopticon 
diagrams on the sheet, of the different classes of this apparatus 
we are making up. It is a little difficult to explain it on the 
blackboard, but I will do the best that I can. Here we have the 
coherer a somewhat enlarged. These b b' are the silver plugs. 
The filings are between the ends of those plugs. The main bat¬ 
tery b 2 is connected to one end of the coherer. The other ter- 
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minal of the battery is connected to one terminal of the 1200- 
ohm relay r. The other terminal of the relay is connected to 
the coherer. Now when the apparatus is in its normal condition, 
the relay is so adjusted and the resistance of the filings is such, 
that the current from the battery will not pass to a suffici¬ 
ent extent to operate the armature of the relay, hut when 
the waves from the transmitter strike the filings and they 
cohere to each other, and also to the silver plugs, as exami¬ 
nation under the microscope shows that they do, the resistance 
is so reduced as to allow sufficient current to pass from this bat¬ 
tery to operate the relay. The moment the relay operates, it 
pulls up its armature, making the contact c. The moment this 
contact is made, the current from the local battery x; traverses 
the wire w to the armature of the relay id, from the armature 
across the contact to the screw s, back to the sounder n and 
back again to the battery. Now once the filings have responded to 
the waves and cohere, they will remain cohering unless we have 
some means of decohering them. In order to accomplish this, 
we have a vibrating hammer which strikes the tube. This 
vibrator is placed in multiple circuit with the sounder. They 
are both of comparatively high resistance. 

Mr. Edward Durant:— 1 would like to ask what is the great¬ 
est distance at which you can get communication '( 

Mr. Clarke: —I may say that 1 have not tried the instru¬ 
ments at very long range. I have not had either the time or the 
opportunity. But I understand from the reports coming from 
the other side, that Mr. Marconi has had no difficulty in trans¬ 
mitting intelligible signals twelve miles. 

Mr. Macgregoe : —I should like to ask one or two questions. 
The first is,—does it make any difference as to what the relative 
position of the tubes containing the filings is '( Is the position 
you have it in all essential ? 

Mr. Clarke:—I have not found that it is. 

Mr. Macgregoe, —The second thing J want to ask is, whether 
there is any fixed relation between these two pieces of apparatus, 
in othei words, would any other induction coil produce the same 
effect as this one, or are these two instruments related so as to 
foi m a paii t If intelligence transmitted from one piece of appa¬ 
ratus could be read by any one of a hundred machines, this method 
ot telegraphy would have its disadvantages. 

Mu. Clarke :—In the first place, I have not found using the 
short ranges over which I have tried the apparatus, that it makes 
any ditterence m what position either the receiver or transmitter 
is placed. In regard to their being any tune, as we mav (Ml it, 
between the transmitter and receiver, T may say that 'Marconi 
claims that it is absolutely necessary to have 'the transmitter and 
the receiver m what we might call synchronism. In order to 
accomplish that, he takes two strips of copper, each about half 
an inch m width, and attaches them to the end of his tube, one 
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on each end. These strips of copper he claims have been short¬ 
ened or lengthened in accordance with the frequency of our 
transmitting apparatus. In order to ascertain what is the proper 
length, he takes a piece of glass and pastes upon it a strip of tin 
foil about half an inch in width, and two or three feet in length. 
He divides this strip in the centre with a very sharp knife. He 
sets his transmitter in a dark room and places this testing appa¬ 
ratus in front of it, at a few yards distant. He operates his 
transmitter, and when he does so, the same as in the experiments 
of Hertz, he notices small sparks passing across between the di¬ 
vided tin foil. He moves his tester further from the transmitter 
until the sparks entirely disappear. Then he cuts off, say half 
an inch, from each end of his tin foil and immediately the sparks 
reappear. He goes further, until the sparks disappear again, 
and he keeps on cutting down each end of his tin foil, until he 
finds that he is working in the other direction, and that if he 
cuts it any more, he simply has to go back closer to the coil in 
order that the sparks at this point will reappear. Then he finds 
he has got the proper length. Accordingly, he cuts what he calls 
the wings of the coherer nearly the same length as these two 
pieces of tin foil. I may say that in the comparatively small 
distance over which I have tried the apparatus, I have not found 
it necessary to have any wings on the tube at all, or that it is 
necessary to have the apparatus in any kind of synchronism, I 
find that some recent writers in the London Electrician bear me 
out in this. I see it stated that in one of the exhibitions given 
by Mr. Marconi, or some of his associates, that in order to show 
how readily the waves would go through a piece of iron, the 
coherer was placed in an iron box, and in order to place it there, 
it was necessary to remove the wings, but the coherer responded 
just the same. 

Db. Sam’l Sheldon :—I would like to ask if it is essential that 
you should have silver for the two electrodes. 

Mb. Clabke :—The only object, as far as I can see, is simply 
to keep the points of contact clean. 

Db. Sheldon :—Then the object of a vacuum would be to pre¬ 
vent the silver from oxidizing. 

Mb. Clabke:— Yes, and I may say in this connection too, that 
experiments have been tried with putting the filings in hydrogen 
gas, but it was found that they speedily became too bright and 
clean, so much so that they cohered all the time. If the filings 
are examined under a microscope and the waves are acting upon 
them, it will be noticed that the moment they decohere you will 
see little bright spots where the particles of metal have been 
touching each other. Those bright spots rapidly disappear. 

Mb. C. T. Child :—I would like to ask if that decoherer is in 
the nature of an electro-magnetic vibrator. 

Mb. Clabke :—Yes. 
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Mr. Child :—How do you shield the coherer from the waves 
sent out from that instrument? 

Mr. Clarke :—We do not find that it affects them in the 
least. 

Mr. Child :—I should think that those waves would affect it. 

Mr. Clarke :—Well, Mr. Marconi claims that it does. I 
have not found any effect at all. Perhaps it is because I have 
guarded against that by cutting down the sparks at the contact 
with resistance coils, and also placing a resistance across the ter¬ 
minals of all the magnets. 

^4. Member :—fancy that the resistance must be very low 
with those metal filings there, so low that the variation must be 
very small as we find at once in telephone experiments where we 

use metal filings. May I ask what the resistance is of that 
coherer \ 


Mr. Clarke:— I may say that although I have the facilities, 
I have not had the time to make a thorough test in that direc¬ 
tion and I can only guess at what the resistance really is. I 

expect very shortly to devote very considerable time in making 
a thorough test. 

The Chairman :—It is very high, isn't it ? 

Mr. Clarke : I hardly think so, because you will see we have 
a resistance m the relay of 1200 ohms, and* one cell of dry bat¬ 
tery is all that we require to operate it. In fact if we use silver 

xi m § S them to decohere enough to interrupt 

the flow of current I should have stated that silver is the only 
metal I have found that is too sensitive. J 

jMe. Wixteingham:—H ow so i 

nnffrhl We ase silver fiIitl & 8 we 1111(1 11 almost iin- 

the , a PP a 1 ratus so that the circuit will remain 
open and then close when the waves strike it. Silver filings are 

aerShfnt WV form a low resistance 

metal that T hf 111 the . tub T e > much lower than nickel or any other 

Sat kind n I lla ^ n °t tried gold or any metal of 

mat kind. 1 do not know how they would act. 

, , k' HAIEJ iAN: If there are no further questions I feel 
7 °. l I W1 ! endorse my recommendation 4 that a vote of 
hanks be extended to Mr. Clarke for his kindness in exhihitino- 
the apparatus, and in so patiently answering all our questions 
pomptedbyavery natural curiosity. I need hardly put that to 

Mu. Albon Mr.l!wmV ext + f' lin S that vote of thanks. 
The origin of wa™ aeo V4 e S entle . I P ai1 answer one question ? 

aff ;x r TK, to „ b r. ee " the Ia, - ge 

erated between the small balls and i °* ot iei waves gen¬ 
generated and i !l s and the lar ge ones, or are they 

generated, and do they have the same effect as the ones in the 

,, ’ n ,n 1 c erstaild tliat sparks pass between the terminals n-f 

the small balls and the large ones. terminals of 

Mr. Clarke :—Yes. 
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Mr. Man :—Are they not a source of electrical waves ? 

Mr. Clarke :—In regard to that I can hardly say ; I have not 
experimented far enough. Mr. Marconi claims that it is neces¬ 
sary not only to use two balls four inches in diameter in the tube, 
but also use the other balls of the same size. Now I find that 
over the short distance that I have worked the apparatus, it is 
not necessary even to have the small balls at all. All that is 
necessary is to connect the terminals of the coil to the large balls, 
and I have used a coil of only one inch spark capacity. I feel 
quite positive that a coil of that size is all that is necessary for 
transmitting this distance. 

Mr. Man :—I would like to know also if the diametqr of the 
large ball and its mass, is a necessity to the transmission of the 
waves, or the production of the waves. lias the mass of the 
balls anything to do with the force of the waves ? 

Mr. Clarke :—I can only say in regard to that, that I have 
followed Mr. Marconi’s experiments very closely. I have only 
so far constructed a transmitter with the four inch solid brass 
balls. Marconi claims that it is absolutely necessary to have- 
solid balls for long distance transmission, and that with hollow 
balls, the distance over which we transmit will be less than'half. 
My own impression is, that hollow brass spheres filled with lead, 
or other inexpensive metal, would be just as good, and we are 
going to experiment with that shortly, and also with the smaller 
spheres, on account of the larger spheres being very expensive 
and very heavy. 

Mr. Man Hertz found his electrical waves produced as 
readily from small balls, or even any kind of a spark as from 
larger masses. It was for that reason that I asked the question. 

Mr. Clarke :—Knowing the results of the experiments of 
Hertz, I am of the opinion myself that the size and mass of the 
ball does not make the difference that is claimed for it, and for 
that reason we are going to experiment in order to determine 
that accurately. 

Mr. Hamblet —I move a vote of thanks to Mr. Clarke for 
the very interesting exhibition that he has given us this evening. 

[The motion was carried, and the meeting adjourned.] 




OBITUARY. 


Frank Hayes Dorr, (associate member May 15th, 1894) was 
born in Somersworth, FT. H., June 5th, 1869. The record of his 
life, though brief, is the story of earnest endeavor, of high aspi¬ 
ration and of large achievement. 

He attended the public schools, and was graduated from the 
Somersworth High School in 1887. He then entered the Mass¬ 
achusetts Institute of Technology, and was graduated in June, 
1891, receiving the degree of Bachelor of Science in Electrical 
Engineering. 

The next month he entered upon the expert course in elec¬ 
trical engineering in the Thomson-PIouston electrical factories, 
in Lynn, Mass., remaining in the employ of the company a year. 
ITe was then transferred in 1892 to the Chicago office of the,, 
General Electric Company as an expert engineer. 

During the World’s Fair he had charge of the construction 
and operation of the two electric fountains. These fountains 
were the largest of the kind ever built, and in their construction 
were involved a great many new ideas and electrical and mechan¬ 
ical features, calling for the highest kind of engineering ability. 
There was perhaps nothing at the fair which excited so much 
interest and admiration as these fountains, and the result was 
very largely due to Mr. Dorr’s splendid management of the 
intricate apparatus. He afterwards superintended the removal of 
one of these fountains to the Midwinter Exposition in California, 
and put it in position and operated it throughout the fair. 

After this, Mr. Dorr returned to Chicago, and was continued 
with the General Electric Company on expert work in connection 
with multiphase apparatus, which necessitated frequent trips into 
.many parts of the country, building and equipping electric 
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railroads and other enterprises. He was in charge of the instal¬ 
lation of three-phase machinery at Austin, Texas, in connection 
«• wwr power plan, owned * td city, Li „ 8 ” M t" 
do with various other important, difficult and intricate electrical 
installations. 

It is possible that the sudden change of climate to which he 
was subjected, together with the alternations of outdoor and in 
door work, prepared the way for the disease, consumption, which 
3 esulted in liis death at Somersworth ? January 8th ? 1897 

Mr. Dorr was an electrical engineer of very high class and 
of exceptional ability, and had his life been spared, his name 
vou J have appeared frequently in connection with the advance 
m electrical development. He was a man of high integrity and 

had^wo^tlfft f 6 U3 |' , P °® 8essin S a su nny and genial nature, he 

° f * hrge “ cle of fri “ ds ’ *’ 
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M Mar. 21, 1894 


Emery, Charles Edward Consulting Engineer, 915 Bennett 

Building, cor. Fulton and Nassau 
Sts., New York City. 


JA June 26, 1891 
I M April 19, 1892 


Emmet, W. L, R. Electrical Engineer, General Electric (A June 6, 1893 

Co., Schenectady, N. Y. (M Jan. 17, 1894 

Everest, Augustine R. Electrical Engineer, General Elec-(A May 19, 1891 

trie Co., Lynn, Mass. / M Dec. 20, 1893 

Farnham, Isaiah H. Electrical Engineer, N. E. Tele¬ 
phone & Telegraph Co., 125 Milk 
St., Boston, Mass. 


Ja June 8, 1887 
j M July 12, 1887 


Fessenden, Reginald A. Professor of Electrical Engineering, ( A n R 

Western University of Pennsyl- £ ct ' 

vania, Allegheny, Pa. ( M ^ eC * I0 ' 1090 


Field, C. J., M. E. 


Field, Henry George 


Consulting and Constructing En-j A June 8 88 


gmeer 30 Broad Street, New^ M ^ l88 ; 

York City. (. 


Consulting Electrical Engineer, 
Field & Hinchman, 1203 Majestic 
Building, Detroit, Mich. 


A April 22, 1896 
M Dec. 16, 1896 


Field, Stephen D. 
Fish, Walter Clark 
Fitzmaurice, James S. 


Electrical Engineer, Stockbridge, j A April 15, 1884 
Mass. 1 M Oct. 21, 1884 

Manager Lynn Works, General Elec-j A June 26, 1891 
trie Co., Lynn, Mass. ( M Feb. 26, 1896 

Chief Engineer, The Electric Light ( A q t q - 
Br«ch «o George St , Sydney, £ ££ 2 °’ ^ 

XN • O» VV • V 


Flack, J. Day 


Supt. Home Ice Machine Co., 56 
Pine St., New York City; 


A Dec. 6, 1887 


YY X UAIV j J v, * vvy 

residence, 80 Carlton St. East ] M May 21, 1895 
Orange, N. J. I 


Fortenbaugh, S. B. 


Asst. Prof, of Electrical Engineering, 
University of Wisconsin, Madi¬ 
son, Wis. 


A April 17, 1895 
M Dec. 16, 1896 


Foster, Horatio A. Electrical Engineer, Room 682, j A June 8, 1887 

Ellicott Square, Buffalo. ( M Sept. 6, 1887 


Foster, Samuel L. 


Freeman, Dr. Frank 


Electrical Engineer, Market Street f 

Railway Co. 19 Hobart Bldg.;) A Feb. 26, 1896 
residence, 3687 24th St., San ] M Nov. 18, 1896 
Francisco, Cal. I 

* 

L. Attorney-at-Law, Solicitor of Pat- ^ A M 7> i889 
ents, Electrical Expert, 931 F St-, i M Sept . 3> l 8 8 9 
Washington, I). C. „ l 
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Freedman, William H. Tutor in Electrical Engineering, f 

School of Mines,Columbia Univer-j A Mar. 18, 1890 
sity; residence, 157 W. 119th St., 1 M Dec. 18, 1895 
New York City. (_ 

Gale, Horace B. Consulting and Contracting Electri- ( * T Q 

cal and Mechanical Engineer, - ~ „ ov - l’ 1892 

Natick Mass. ’ | M May 16, 1893 

Gardanier, George W. Assis’t Electrical Engineer, Western ( A . .. 0 0 

Union Telegraph Co., 195 Broad- \t f pnI l8 ’ 1898 
way, New York City. } M J an ' 22 > 1896 

Garratt, Allan V. Chief Engineer, Lombard Water- ( A A ., 0 

wheel Governor Co., 6r Hamp-•] Yr Yr pru 2} 
shire St., Boston, Mass. P } M Ma y 1889 


Gerry, M. H., Jr. 


Supt. of Motive Power, The Metro- f 

politan West Side Elevated Rail- j . . _ 0 

road Co., 146 Throop St., Chi -1 t l8, a 9 ? 

cago, III., 3333 Cedar Ave., M ® ct ‘ 2r ’ 1896 
Minneapolis Minn. 

Geyer, Dr. Wm. E. Stevens Institute of Technology, ( A June 5, 1888 

Hoboken, N. J. } M Sept. 7, 1888 

Gharky, William David Electrician, Standard Telephone f 

Co., 401 South Juniper St., resi-J A May 21, 1895 

dence, Hotel Lorraine, Phila-] M Feb. 26, i8q6 

delphia, Pa. [ 

Manager and Chief Engineer, Gibbs f 
Electric Co., Holworthy Chamb-J A Mar. 25, 1896 
ers, 152 Madison Ave., New York j M Feb. 17, 1897 

City. J 

Electrical Engineer, Box, 292, Oil] A May 16, 1893 


Gibbs, Lucius T. 


Gifford, Clarence E. 
Goltz, William 
Gray, Dr. Elisha 
Greene, S. Dana 
Gutmann, Ludwig 
PI adaway, W. S., Jr. 
Hall, Clayton C. 
Hall, John L. 


City, Pa. 


( M P'eb. 21, 1894 


Hamblet, James 


Hamilton, Geo. A. 


(18) 


Hathaway Building, Milwaukee, j A Oct. 27, 1897 
^ is * ( M Feb. 23, 1898 

Electrician and Inventor, Highland (A Feb. 16. 1802 
Park, Ill. (M May 17, 1892 

Assistant General Manager, General ( A Sept. 20, 1893 
Electric Co., Schenectady, N. Y. } M April 18, 1894 

Electrical Engineer, 815' North Jef- ( A Sept. 14 1888 
ferson Ave., Peoria, Ill. } M Mar. 21, 1893 

Electric Heating Engineer, 107 j A Nov. 21, 1804 
Liberty St., New York City. j M Oct. 21, 1896 

Civil Engineer, 810 Park Ave., (A April 15, 1884 
Baltimore, Md. ( M Oct. 21, 1884 

Crocker & Wheeler Electric 14 f 
South BroadSt., Philadelphia, Pa. J A Sept. 22, 1801 
residence, 715 West 10th St.,] M Dec. 20, 1893 
Wilmington, Del, [ 

Manager Time Service, W. U. f 
Tel. Co., 195 Broadway, P. O. I A , T 
Box 856, NewYork City j resi--<( L 1887 

dence, 20 Sidney Place, Brooklyn, ] M Dec 6 > i88 7 

(Treasurer.) Electrician, Western f 
Electric Co., 57 Bethune StA April 15, 1884 
NewYork ; residence, 532 Morris ] M Oct. 21, 1884 
Ave., Elizabeth, N. J. [ 
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Hammer, Edwin W. 


Address. Date of Membership. 

Electrical Engineer, 46 Second Ave., j A Nov. 18, 1896 

Newark, N. J. i M J une 2 3 > *^97 


Hammer, William J. 


Harrington, Walter 


Consulting and Supervising Elec- f 
trical Engineer, 1305 Havemeyer j A June 8, 1887 
Bldg, 26 Cortlandt St., New York ] M July I2 S 1887 
City. I 

E Electric Railway Engineer, 307 ( A Mar. 17, 1891 
Market St., Camden, N. J. ] M May 19, 1896 


'Harrison, Russell B. Pres, and Electrical Engnieer, Terre j A g ept _ 25) 1895 

Haute Electric Railway Co., j ^ April 22> l8g 6 
Terre Haute, Ind. ( 


Hartwell, Arthur 


•Haskins, Caryl D. 


Manager Pittsburg Agency, West- 
inghouse Electric and Mfg. Co.; 
residence, 6804 McPherson St., 
Pittsburg, Pa. 


J A May 15, 1894 
) M Nov. 20, 1895 

l 


Electrical Engineer, General Electric ( A Mar, 18, 1890 
Co., 180 Summer St., Boston, \ jyj June 20, 1894 
Mass. (■ 


‘IIaskins, Charles H. 


Electrician, 7 ° Linwood Avenue, j A April 15, 1884 
Buffalo. N. Y. I M Oct. 21, 1884 


■Haskins, Clark Caryl Electrical Engineer, 682a West j ^ ^ jfg 

Adams St., Chicago, Ill. i M Mar - 2I - 1004 


1 M Mar. 21, 1894 


Hasson, W. F. C. 


(Manager.) Firm of Hasson & 

Hunt, Consulting and Supervising A Mar> l8% l8g0 
Mechanical and Electrical Engm--{ ^ ^j a y IC ; 1894 

eers, 310 Fine St.,Telephone 5650, I 

San Francisco, Cal. . I 


Hayes, Hammond V. 


Electrician, American Bell lele-^ A Nov> I2> l88g 
phone Co,, 42 Farnsworth ^-.jMMar. 18,1890 
So. Boston Mass. (. 


‘Hayes, Harry E. 


Haynes, F. T, J. 


Heath, Harry E. 


Asst. Electrician, American Tele-^ A April l8j l8g3 
graph and Telephone Co., I 53 - } m Dec. 20, 1893 
Cedar St., New York City. ( 


Divisional Telegraph Engineer, f 
Great Western Railway; resi- I A Dec. 
dence, Belmont Villa, Cheddon j M Jan. 
Road, Taunton, Eng. I 


6, 1886 
3, 1887 


Electrical Engineer, 
Conn. 


Windsor, ( A Mar. 21, 1893 
1 M Mar. 25, 1896 


Heinrich, Richard O. 


Electrical Engineer, The European ( A q t r l88g 
Weston Electrical Instrument Co., j ^ 25 ; l8g * 

88 Ritterstrasse, Berlin, Germany. ( 


Hen SHAW, Frederick V. 79 State St., Brooklyn, N Y. 

Herdman, Frank E. Mechanical and Electrical Engineer, 

Crane Elevator Co., Wmnetka, Ill. 


A Feb. 5 , 1889 
M Nov. 20, 1895 

A Dec. 18, 1895 
M Oct. 21, 1896 


Hering, Carl 

[Life Member.] 


Hering, Hermann S. 


(Manager.) Consulting- Electrical f 
Engineer, 929 Chestnut St.; resi-I A Jan. 
dence 124 E. Mt. Pleasant Ave., j M June 
Philadelphia, Pa. I 


3, 1888 
5, 1888 


Associate in Electrical Engineer- f 
ing, Johns Hopkins University,) A April 21, 1891 
residence, 1809 Park Ave., Balti-] M-April 18, 1893 
more, Md l 
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Herrick, Charles H. 


Address. Date of Membership. 

Superintendent Isolated, Lighting f 
and Lower I)ep’t., Edison Electric I . A 
Illuminating Co., 3 Head Place,-; J. Apn 2Ij l8 9 r 
Boston; residence, 22 Herrick St., | 11 J an ’ x 7 * i8 93 
Winchester, Mass. [ 


Herzog, F. Benedict, Ph. D. President, Herzog Teleseme ( A 

Co., Townsend Building, Broad -< A , . a ^ 2 ^» l88 ? 


Hewitt, Charles 


Hibbard, Angus S. 


I ownsencl building, Broad- s V, : C ^ " J 
way and 25th St., New York City. ( ^ J u y 12, x88 7 

Electrical Engineer, Union Traction ( . c , 

Co., 820 Dauphin Street, Phila- i ^ pt ' i8 9 ° 
delphia, Pa. ( M Ma Y x 7 > 1892 


Higgins, Edward E. 
Hix, E. Randolph 


General Manager, Chicago Tele- ( . 

phone Co.,' 203 Washington -] A 2 f l8 9 r 

. 0 heb. 16, 1892 


Holmes, Franklin S. 


St., Chicago, Ill. 

Editor, Street Railway Journal , 26 j A June 8, 1887 

Cortlandt St., New York City. ( M July 12] 1887 

Hix, Hamilton & Co., Electrical ( A r 
Engineers and Contractors, 41 < C. \ 2I * i8 94 

Wall St., New York City. ( ^ 2 7 » *895 

Electrical Engineer, 108 Fulton St., ( . A .. 

New York City; residence 445a-! A Apn 2r » i8 9 * 

Macon St., Brooklyn, N. Y. I ^ J une 2o » i8 94 


Houston, Edwin J Ph.D. (Past President.') Prof of Physics, f 

[Life Member.] Franklin Inst., Finn of Houston A , 

& Kennedy, Crozer Bldg., 1420-! A Apn I 5 > *® 8 4 
Chestnut St, ; residence, 1809 I ^ Get. 21, 1884 
Spring Garden St., Phila., Pa. { 


Howell, John W. 
Howell, Wilson S. 


Electrician, 20 Chestnut St., New-j A July 12, 1887 


M June 5, 1888 


Humphrey, Henry H. 


Hunter, Rudolph M. 


ark, N. J. 

Lamp Testing Bureau Box, 114, ( . ,, _ 

Newark, N. J.; residence, 152'] A S\ ept> 3 * i88 9 
Prospect St., East Orange, N. J. ( M Mar * r8> i8 9 q 

Consulting Electrical Engineer, ( A T , „ „ 

Bryan & Humphrey, Turner Bldg. \ A V ec :. r< ^ i8 9 *» 
St. Louis, Mo. I M A P nI 2 8, 1897 


Expert and Counsellor in Patent ( A T 

Causes, 926 Walnut St., Phila- \ A *I l 3 ^ x 3 * 1886 

J « 1 — 1- ; _ T", ' I IVI M r.*Y V «•» tQOh 


Hunting, Fred S. 


* Ji J mJ F - w 

M May 17, 1887 


delphia, Pa. 

Chief Engineer, Engineering De¬ 
partment, Fort Wayne Electric j A Nov. 15, 189c 
Ind* ^ kt., Fort Wayne, ] M May 16, 1893 

Hutchinson, Dr, Cary T. (Manager,) Electrical Engineer, ( A Feb. 7 r8oo 

253 Broadway, New York City, j 


Hyde, Jerome W. 


M Dec. 16, 1890 


Inrig, Alec Cavan 
Ives, Edward B. 


Ass't Treasurer, The Springfield ( . . _ 

Steam Power Co., Wason Bldtr •! A J une 8 > i88 7 
Crk «—Nov. 1, 1887 


Jackson. Dugald C. 


(18) 


Springfield, Mass. 

Globe Electrical Co., 44 White Post j A Jan. 19, 1892 
Lane, Victoria Park, London, Eng. { M May 17, 189a 

Chief Engineer, Raritan Construe- ( . . 

tion Co., 153 Bullitt Bldg., Phila -4 A Apnl 2 * x88 9 
delphia, Pa. | M May 15, 1894 

( Vice-President .) Professor of Elec-( . „ 
trical Engineering, University of 1 f, ^ay 3 . 1887 
Wisconsin, Madison, Wis M June 17, 1890. 
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Jackson, Francis E. 


Jackson, Henry 


Jackson, John Price 


JANNUS, FRANKLAND 


Jehl, Francis 


Jenks, W. J. 


Address. Date of Membership. 

Aylsworth & Jackson, Incandescent f 
Filament Manufacturers, 128 j A Jan. 3, 1888 
Essex Ave., Orange; residence, 61 ] M June 17, 1890 
South Grove St.,East Orange,N.J. L 

Telegraph Supt. and Engineer, The f 

Lancashire & Yorkshire Railway J A Mar. 21, 1894 
Co., Horwich, Bolton-le Moors, 1 M Dec. 19,1894 
Lancashire, England. I 


Professor of Electrical Engineering, 
Penn. State College, State Col¬ 
lege, Pa. 


j A Sept. 27, 1892 
1 M Jan. 17,1894 


Attorney-at-Law, Solicitor of Pa- ( * N 2 i88q 
tents, 1022 Havemeyer Building, -j M Mar '. lg ’ l8 _U 
New York City. ( 

Lichtenauergasse 8, Brlinn, Moravia, j A June 27, 1895 
Austria. (MJan. 22,1896 

Secretary, Board of Patent Control, j A June 8, 1887 
120 Broadway, New York City. (M Nov. 1, 1887 


Johnston, A. Langstaff Chief Engineer, Richmond Traction ( A April 21, 1891 

Co., 1112 E. Main St., Richmond, "j A.pril x8, 1894 


Jones, Francis Wiley 

[Life Member.*] 


Assistant Gen'l-Manager and Elec- f 
trician, Postal Telegraph-Cable J A April 15, 1884 
Co., 253 Broadway, New York | M Oct. 21, 1884 

City. I 


Keith, Dr. Nathaniel S. 


Care R. W. Pope, Sec’y. 26 j A April 15, 1884 
Cortlandt St., New York, N. Y. } M Jan. 17, 1894 


Kinsman, Frank E. Electrical Engineer, 66 Broadway, 1 A Sept 2y l 8 g 2 

New York City; .residence, 836^ M M £ y l6> l8g3 
Sherman Ave., Plainfield, N.J. { 


Knowles, Edward R. E. C. E. 150 Nassau Street, New ( A j une 8> i887 

York City : residence, 82 Cam- -j M j ul I2> i887 
bridge Place, Brooklyn. N. Y. ( 


Knudson, A. A. 


Lange, Philip A. 


Electrical Engineer, 66 Broadway, ( A Dqc> 6j i88? 
New York City ; residence, 127 < M T an . 3 l8 88 
Prospect Place, Rutherford, N. J. ( 

Superintendent Westinghouse Elec- ( A Man 5, 1888 
trie and Manufacturing Co., East-j M j une 5j l888 
Pittsburg, Pa. ' 


Langton, John 


La Roche, Fred, A. 


Lattig, J. W. 


Electrical Engineer, Canada Life ( A Mar> 
Building, Toronto, Ont., and 72 y jyj- T une 
Trinity Place, New \ork, N. Y. ( 


6, 1888 
5, 1888 


President and General Manager, 
Ideal Electric Corporation, 652- 
660 Hudson Street; residence, 28 
W. 25th St., New York. 


A Sept. 19, 1894 
M Nov. 20, 1895 


Electrical Engineer, Supt. of Tele- f 
graph and Electrical Apparatus, A y une g i887 
Lehigh Valley R. R- Co., ^°*jMJuly 12,3887 
Bethlehem, Pa.; residence 335 
Broad St., West Bethlehem, Pa. L 


{16) 
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Lawson, A. J. 


Lemp, Hermann, Jr. 
Leonard, H. Ward 


Address. Date of Membership. 

Electrical Engineer, The County f 
of London and Brush Provincial! A Mar. 18, 1890 
Electric Lighting Co., Ltd., 49] M June 17, 1890 
Queen Victoria St., London, Eng. [ 

Electrician, 186 Allen Avenue, ( A April 2, 1889 
Lynn, Mass. ( M Feb. 21, 1893 


Lieb, John W., Jr. 


Electrical Engineer, Pres’t. Ward f 
Leonard Electric Co , Bronxville, J A July 12, 1887 
N Y.; residence, 606 W. 114th St., j M Sept. 6, 1887 
New York City. [ 

Leslie, Edward Andrew Vice-President and Manager, Man- f 

hattan Electric Light Co., Ltd.,! A Jan. 16, 1895 
New York City; residence, 343 j M Feb. 17, 1807 
Hancock St., Brooklyn, N, V, ( 

Levis, Minford Superintendent and Electrical Engin- ( „ , 

eer, Novelty Electric Co., 54*]”! = <e °* 2I > i8 93 
North 4th St., Philadelphia, Pa. ( ^ June 23, 1897 

0 Manager .) General Mgr., Edison ( . 0 ^ 

Electric Ill. Co.; Residence, 166 < Y, i88 7 

West 97th St., New York City. ( ^ ^° v * L 1887 

Lighthipe, James A. District Engineer, General Electric ( . _ . 

Co., 15 First St., San Francisco, •] p e . 2I > I ^94 
Cal. ( M A P nl 17 , 1895 

General Manager, Electrical Engin- f 
eer and Chemist, The Electric j A June 20, 1894 
Storage Battery Co., Drexel Bldg., M May 2r, 1895 
Philadelphia, Pa. 

Resident Engineer, South African ( . T n _ 

Tramways Co., 93 Main St., Port-] Yr 22, 
Elizabeth, S. Africa. ( ^ Mar. 25, 1896 

Electrician, 22 'Broad St.; resi-( . ~ 
dence, 1 West 39th St., New*] A P T Ct ' 2I » i8 9 ° 
York City. ( M Nov - * 5 . 1893 


Lloyd, Herbert 


Lloyd, John E. 


Lloyd, Robert McA. 


Lockwood. Thomas D.,A'. /. Inst. Electrical Engineer, and ( . 

[Life Member.] Advisory Electrician. P. 0 . Drawer ■< A A P n 1 5 » 1884 

T, . 3 I T\/T n nt- nr .DO. 


2, Boston, Mass. 


M Oct. 21, 1884 


Loomis, Osborn P. 


Electrical and Consulting Engineer, ( A Sept. 16, 1800 
Depew, N. Y. \ M Dec. 16, 1896 

Lorrain, James Grieve Norfolk House, Norfolk St., Lon-( A May 16 i8or 

J_XX 7 1 1 -_ J * ' J V i 


Lovejoy, j. R. 


don, W. C., England. 

General Manager, Supply Dept., ( . . .. 

General Electric Co., Schenec- 2r> I ^ 9 I 
tady, N. Y. 


M May 15, 1894 


M Feb. 21, 1894 


Macfarlane, Alexander, D. Sc.,LL.D. (Manager.) Pro- f 

fessor in Electrical Engineering,] A Jan. 19, 1892 
Lehigh University, South Bethle-] M May 17, 1892 
hem, Pa. ^ ' 

Mailloux, C. O. Consulting Electrical Engineer, ( A A M 

150 Nassau St., Telephone 3985 \ ^ ^.P n I8, i8 ®4 
Cortlandt, New York City. ( ^ 2I » i88 4 

Mansfield, Arthur Newhall Assistant Electrician, Ameri- ( 

can Telephone and Telegraph Co., -\Yr P ec ’ 20> 1 ®93 
153 Cedar St., New York City. • M J utie 20 > i8 94 


(17) 
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Marks, Louis B., M. M. 


Address. Date of Membership. 

£, President, Marks Enclosed f 
Arc Light Co., 68 q Broadway ; J A May 20, 1890 

_ !j. __ ^ -r Cf New ■ *MT TQ“n TA iftoC 


residence, 51 East 67th St., 
York City. 


M Jan. 16, 1895 


Marks, William Dennis, Ph.B. C. E. President, The ( A Feb . 7> l888 

American Electric Meter Co• > * ° 1 4 j M May x . 1888 
Betz Building, Philadelphia, Pa. ( 


Marshall, J. T. Metuchen, N. J. 


j A Oct. i, 1889 
( M Nov. 12, 1889 


Martin, Julius 
Marvin, Harry N. 
Maver, William, Jr. 

Mayer, George M. 
Maynard, Geo. C. 
McCay, H. Kent 

McCluer, C. E. 

McCrosky, James W. 

McCrossan, J. A. 
McMeen, Samuel G. 

Mershon, Ralph D. 

Millis, John 
Mitchell, James 

Mix, Edgar W. 
Molera, E. J. 


Electrician, i6 0 ak St., Newark, N. ( A o ct> 2I lgg0 
J., Master Electrician, Equipment j M Nov . 20 1895 
Dept., New York Navy Yard. ( 

Electrical Engineer and Manager, ( A A.pril 19, 1892 
Marvin Electric Drill Co., Canas- *\ 1893 

tota, N. Y. ( 

Electrical Expert and Consulting f 
Electrical Eng’r, 27 Thames St., J A July 12, 1887 
New York City; residence, 227 j M April 21, 1891 
Arlington Ave. Jersey City, N. J. [ 

Enterprise Block, 5th Floor, 79 j A Dec. 16, 1890 
Fifth Ave., Chicago, Ill. ( M June 20, 1894 

Electrical Engineer, 800 PI. St., N. j A April 15, 1884 
W., Washington, D. C. ( M Dec. 9, 1888 

Electrical Engineer and Contractor, ( A s e pt. 16 1890 

106 E. German St., Baltimore, jq jggj 

Md. ( 


Superintendent, First District, So. 
Bell Telephone and Telegraph 
Co., P. O. Box 32. Richmond, Va. 


A Mar. 21, 1893 
M Jan. 17, 1894 


Chief Engineer, La Capital Tramway 
Co. and Compaina de Luz y Fuerza 
Motriz de Cordoba, Reconquista 
20, Buenos Aires, Argentina. 


J A Dec. 20, 1893 
] M Dec. 16, 1896 


Manager and Electrician, Citizens (a Oct. 18, 1803 
Telephone and Electric Co., *\ Dec. 18, 1895 

Portage, Ont. ( 


Engineer, Central Union Telephone A Dec lg l8 
Co., 1306 Ashland Block,Chicago, -j M jq £C i6 lgg 5 
Ill. ( 


Chief Engineer, Colorado Elec-( A Mar . 2Qj l8g5 
trie Power Co., Colorado Springs, *( jyj- t,^ 22 1896 
Col. ( J 


Captain of Engineers U. S. A., The ( A jt I gg 4 

Lighthouse Board, Washington, -j M J M / r lg g 5 
D. C. ( 

Constructing Engineer and Agent, f 

General Electric Co., Caixa do) A Sept. 25, 1S95 
Correio No. 954, Rio de Janeiro,] M Mar. 25, 1896 

Brazil. I 

Electrician, 12 Boulevard des In-j A Sept. 3, 1889 
valides, Paris. France. ( M Mar. 20, 1895 

Civil Engineer, 606 Clay St., San j A Jan. 16, 1892 
Francisco, Cal. ( M June 7, 1B92 


(18) 
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Moore, D. McFarlan Inventor, Moore Electrical Co, 52 (A Dec. 20, 1893 

Lawrence St., Newark, N. J. } M June 20’ 1894 

Morrow, John Ihomas Supt. Electrolytic Plant, Boston and f 

Montana Consolidated Copper and j A Dec. 21, 1892 
Silver Mining Co., Great Falls,") M April 18, 1804 
Mont. { 

Neiler, Samuel G. Ass’t Electrical Engineer, Pierce & ( , 

Richardson, 1409 Manhattan \ A ^P nl l8 > i8 94 

Building, Chicago, Ill. ( ^ ^ ec * l8 » 1 895 

Nichols, Dr. Edward L. Professor of Physics, Cornell \ A Oct. 4, 1887 

University, Ithaca, N. Y. ( M Dec. 6,’ 1887 

Partner, Geo. P. Nichols & Bro., f 
Elec. Engineers and Contractors, j A Jan. 22, 1806 
1036 Monadnock Bldg., Chicago,! M Nov. rS, 1896 


Nichols, Geo P. 


Noll, Augustus 


v 

Contracting Electrical Engineer, 8 ( . 

East J7th St., Telephone, 62, ^ * e Pt; 2 '> J ®9 2 

18th; Mew York City. ( M A PnI >8, 1893 

Consulting Engineer, San Miguel t . . ., 

Cons. Gold Mining Co., Telluride, \ t ^P nI * 7 , 1895 
Colo. / M heh. 26, 1895 

Telephone Engineer, Chicago Tele- f . _ - 

phone Co., Residence, 76 Eugene < ^ 1 7 » *894 

St, Chicago, Ill. * } M Nov. 20, 1895 

O Dea, Michael Torpey Professor of Applied Electricity ( 

University of Notre Dame, Notre■} ^ J une 8 > i88 7 
Dame, Ind. 


Nunn, Paul N. 


O’Connell, Joseph J. 


Oudin, Maurice A 
Owens 


M Mar 25, 1896 


Eiectrical Engineer, General Electric ( A June 20, 1804 
Co., Schenectady, N. Y. / m Nov. 20, 1895 


- V JLQUk 

’■ Robert Bowie Professor of Electrical Engineering, ( . _ 

University of Nebraska, Lincoln, - A J une *7, 1890 
Neb. I M Dec. 15, 1S97 


Paine, F. B. H. 


1 

Westmghouse Electric and Mfg. ( 

Co, 328 Exchange Building, Bos- i A I)cc * l6 » 1890 
ton, Mass. )M Nov. 25, 1891 

^sT'Bofton^tFc 0 '’ l8 ° S ~r (A rune 8, l8 8 7 

( M Nov. 1,1887 


Paine, Sidney B. 

- — »» '**—* V I 

St, Boston, Mass. 

Parker, Lee Hamilton Ass, Engineer, Rai.way Dept. " ^ 

tad n y er N.Y eCtnC C °" Sch6neC - M Def: J,’ 1 8 8 9 9 6 

PARKS ' WEL “ AN C ^v E y n & r Va U - S ' N " «-» jAM, 12, 1887 

Parshall, Horace Field Eiectrical Engineer, Sritish Thom- ( " 1,1888 

son-Houston, Ltd, 38 Parliament^ 7 , 1888 

St, Westminster, London, Eng. ( M Mar * *8, 1890 

* 

«— f T\ . . • _ 


Pattison, Frank A. 

Pearson, F. S. 
Perot, L. Knowles 

( x 9 ) 


Firm of Pattison Bros, Consulting f 
and Constructing Electrical En- A Sent 
gineers, 136 Libertv Qt xt * 22 > i8 9 x 

York City 7 St - New l M Dec. 16,1891 

Engineer, Room 841, 621 Broari (,i a . 
way. New York Citv d ' \ t 9 b 2 5 > *? 9 2 


V kUv e f dentandMana ^ er - Sc huyl-( MFeb ' 21 ' 1893 
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271 Langdon St., Madison, Wis. 


Bell, Ora A. Electrical Engineer, Western Electric 

Co., 22 Thames St.,'New York; 
residence, 921 St. Nicholas Ave., 
New York. 

Bennett, Edwin H., Jr. Electrician and Engineer, Diehl & Co., 

Elizabethport, N. J., and 19 West 
33d St., Bayonne, N. J. 

Bennett, John C. Electrician, General Electric Co., 44 

Broad St., New York City. 

Benoliel, Sol. D., B. S., E. £., A. M. Consulting and Contract¬ 
ing Electrical Engineer, 103 East 
62nd Street, New York City 


Bentley, Merton PI. 
Berg, Ernst Julius 


Berg, Eskil 
Bergholtz, Herman 


Chicago Telephone Co.; residence, 
22i Scoville Ave., Oak Park, Ill. 

Engineer, General Electric Co.; resi¬ 
dence, 53 Washington Ave., Sche¬ 
nectady, N. Y. 

Electrical Engineer, Gen’l Electric 
Co., Schenectady, N. Y. 

Secretary and Treasurer, Ithaca Street 
Railway Co., Ithaca, N. Y. 


Berliner, Emile Inventor, Columbia Road, between 

Fourteenth and P'ifteenth Sts., 
Washington, D. C. 

Berresford, Arthur W., B. S., M. £. Electrician, Ward 

Leonard Electric Co , Bronxville, 
N. Y. 

Best, A. T. Electrical Engineer, Florida East Coast 

Hotel System, St. Augustine, Pda. 


Bethell, U. N. General Manager, The New York 

Telephone Co., 18 Cortlandt St., 
New York City. 

Betts. Hobart D. Member of Inspection Dept., The 

Edison Elec. Ill’m’g Co. of N. Y.; 
residence, Englewood, N. J. 


Betts, Philander 3d Electrician, U. S. Navy Yard, Wash¬ 
ington, D. C. 

Biddle, James G* Drexel Bldg., Philadelphia, Pa.; resi¬ 

dence, 264 Rittenhouse St., German¬ 
town, Pa. 


Bijur, Joseph, A. £., £. E . 
[Life Member.3 


Walker Company, 1 Nassau St.; 
residence, 172 West 75th St., New 
York City. 


(21) 
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Date of Election. 

Jan. 20, 1897 
May 21, 1895 

Sept. 6, 1887 
Mar. 24, 1897 

Jan. 26, 1898 

Aug. 5, 1896 

June 20, 1894 
Mar. 18, 1890 

Oct. 2i, 1896 
Oct. 18, 1893 

Sept. 19, 1894 
Nov. 20, 1895 
April 2, 1889 

April 15, 1884 

May 15, 1894 
April 19, 1894 

Jan. 17, 1894 

Aug. 5, 1896 
Mar. 25, 1896 

Aug. 5, 1896 

May 15, 1894 
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ASSOCIATE MEMBERS 


Name. 

Black, Chas N. 


Black, Howard D. 


Address. 

Walker Company, 140 Winchester 
Ave., New Haven, Ct. 

Salesman, Blackall & Baldwin, 7 
West igth St.; P. 0 . Box, 267, New 
York, N. Y 

Blackall, Frederick, S. Selling Agent, Crocker-Wheeler 

Electric Co , P. 0 . Box, 267 New 
York ; residence, Roselle, N. J. 

Blake, Henry W. 


Blizard, Charles 


Blunt, Willam W 


Editor, Street Railway Journal\ 26 
Cortlandt St., New York City. 

Blake, Theodore W. Box, 263, New Haven, Conn. 

Blanchard, Charles M. Winterburn, Pa. 

Blaxter, Geo. H. Vice-President and General Manager, 

Allegheny County Light Co., West- 
inghouse Building, Pittsburg, Pa. 

Bliss, George S. 24 Chase, W. Lynn, Mass. 

Bliss, W.m. j . A. Johns Hopkins University; residence, 

1017 W. Paul St., Baltimore, Md. 

Bliss, William L., B. S., M. M. E. Electrical Engineer, 128 

Front St., New York City; residence, 
505 Throop Ave., Brooklyn, N. Y. 

Manager of New York Office, Electric 
Storage Battery Co., 22 Broad St.; 
residence, 34 W. 27th St., New York 
City. 

Electrical Engineer, Westinghouse 
Elec. & Mfg. Co , Ltd., 32 Victoria 
St, London, Eng. 

Bogart, A. Livingston Electrical and Patent Expert, 22 

Union Square, New York City.’ 
Boggs, Lemuel Stearns Reed Hotel, Ogden, Utah. 

Bogue, Charles J. Manufacturer and Dealer in Electrical 

Supplies, 206Centre St., N.Y. City 

Bohm. Ludwig K„ Ph.D., Consulting Electrical and Chemical 

Expert, 117 Nassau St., N. Y. City. 

Supervising and Constructing En¬ 
gineer, The General Electric Co 
Schenectady, N. Y.; residence, 860 
N. 41st St., Philadelphia, Pa. 

Electrical Engineer, General Electric 
Co., residence, 58 Washington Ave., 
Schenectady, N. Y. 

Instructor Electrical Engineering, 
Union College, Schenectady, N \ 
Brackett, Prof. Cyrus F. Princeton, N. J. 

Braddell. Alfred E. Electrical Inspector, Underwriters’ 

Association, Middle Department 

316 Walnut St., Philadelphia, Pa.. ’ 

Brady, Frank W. ME Pmfpccnr v • 

’ • • w I, of Engineering and Physics, 

W W M e -r C ° C ° Uege of ^culture 

N M IeChamC ArtS ’ Mesilla Park, 

(22) 


Date of Election. 
April 19, 1890 

Sept. 15, 1S97 

Sept. 15, 1S97 

Nov. 13, 1888 
Sept. 20, 1893 
Sept. 19, 1894 

Sept. 25, 1895 
June 20, 1894 

Jan. 20, 1891 
Mar. 2r, 1894 


Bolan. Thomas V 


Nov. 21, 1894 


Dec. 16, 1896 

July to, 1888 
Sept. 20, 1893 

Dec. 3, 18S9 

Nov. 15, 1892 


Boyles, Thomas D. 


Brackett, Byron B. 


Aug. 5, 1896 

Mar. 20, 1895 

Nov. 30, 1897 
April 15, 1889 

Sept. 1, 1890 


June 20, 1894 



ASSOCIATE MEMBERS 


Name. 

Brady, Paul T. 

Bragg, Charles A. 

Brayshaw, I. 
Brixey, W. R. 

Broich, Joseph 
Brophy, William 

Brown, Albert W. 
Brown, Chas. L. 


Address. 

Manager, Central N. Y. Agency, West- 
inghouse Electric and Mfg. Co., 
Syracuse, N. Y. 

Manager Phila. Agency, Westing- 
house Electric and Mfg. Co., 302 
Girard Building, Philadelphia, Pa. 

Telegraph Inspector Great Southern 
Railway, City of Buenos Aires. 

Proprietor and Manufacturer, Day’s 
Kerite Wire and Cables, 203 Broad¬ 
way, New York City. 

Superintendent and Electrician, with 
F. Pearce, New York City; resi¬ 
dence, 448 8th Ave. Brooklyn, N. Y. 

Electrician to the Wire Department, 12 
Old Court House, Boston; residence, 
17 Egleston St., Jamaica Plain, Mass. 

Mechanical and Electrical Engineer, 
192 Broadway; residence, 27 W. 
24th St , New York. 

Gen’l Manager and Sec’y, Chicago 
Mutoscope Co., 1309 Monadnock 
Block, Chicago, Ill. 


Brown, Hugh Thomas Electrical Engineer, Nashville, Tenn. 


Browne, Sidney Hand. Consulting Electrical Engineer, 809 

Equitable Bldg., Baltimore; resi¬ 
dence, Ruxton, Md. 


Hubert, J. F. 


Buck, Harold W. 
Buckingham, Chas. L. 


©unce, Theodore D. 
Burch, Edward P. 


'Burgess, Chas. Fred’k. 


Supervising and Contracting Electrical 
Engineer, 402 Exchange Bldg., 
(Telephone 1379) Boston, Mass. 

14 East 45th St., New York City. 

Patent Attorney, Western Union Tele¬ 
graph Co., 195 Broad wav, P- O. 
Box 856, New York City. 

The Storage Battery Supply Co., 239 
E. 27th St., New York City. 

Electrical Engineer, Twin City’ Rapid 
Transit Co., 517 6th Ave., S. E.,. 
Minneapolis. Minn. 

Instructor in Electrical Engineering, 
University of Wisconsin, Madison, 
Wis. 


Burke, James 


Consulting Electrical Engineer, 150 
Nassau St., New York City. 


Burnett. Douglass, B.S. Edison Illuminating Co., Inspection 

Dept., 55 Duane St., New Lork 
City; residence, 42 Livingston St., 
Brooklyn, N. Y. 


Burroughs, Harris S. 
Burt, Byron T. 


Burton, Paul G. 


/ 

Burton, William C. 


1416 Pacific St., Brooklyn, N. Y'. 

Manager and Sec’y, and Treas. Charles¬ 
ton Light and Power Co., Charles¬ 
ton, S. C. 

Constructing Electrician, Western 
Electric Co.; residence, 149 Lenox 
Ave, New York City. 

With White-Crosby Co., 29 Broadway, 
New York, N. Y. 
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Date of Election. 

July 12, 1887 

Sept. 20, 1893 
Aug. 5, 1896 

Sept. 20, 1893 

Jan. 17, 1S94 

Mar. 5, 1889 

Feb. 17, 1897 

Nov. 20, 1895 
Jan. 26, 1S98 

Apr. 2S, 1S97 

June 7, 1892 
Jan. 16, 1895 

April 15, 1884 
May 20, 1890 

Jan. 28, 189S 

Mar. ag, 1896 
May 16, 1893 


Feb. 21, 1893 
Nov. 30, 1897 

Sept. 25, 1895 

Nov. 20, 1895 
Sept. 20, 1893 


(22) 
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ASSOCIATE MEMBERS 


Name. Address. 

Butler, William C. President, The Puget Sound Reduction 

Co., Everett, Washington. 

Buys, Albert Electrical Engineer, The Rahway 

Electric Light and Power Co., Rah¬ 
way, N. J. 

Byrns, Robert A. Walker Company, Q12 Eliicott Square, 

Buffalo, N. Y. 

Cabot, Francis Elliott Supt. of Inspection and Electrician, 

Boston Board of Fire Underwriters, 
55 Kilby Street; residence, East 
Milton, Mass. 

Cabot, John Alfred City Electrician, 115 W. 8th St., Cin¬ 
cinnati, O. 

Caldwell, Edward President Empire Advertising Co., 150 

Nassau St., New \ork City; resi¬ 
dence, 407 E. 5 th St., Plainfield, 
N. J. 

Caldwell, Francis C. Assistant Professor of Electrical En¬ 
gineering, Ohio State University, 
Columbus, O. 

Canfield, Milton C. Electrical Engineer, The Cleveland 

City Railway Co.; residence, 18 
Clinton St., Cleveland, O. 

Canfield, Myron E. Western Electric Co.; residence, 404 

W. 44th St. New York City. 

APUCCIO, Mario Raimondo & Capuccio, Consulting 

Engineers and Patent Agents, Piazza 
Statuto 15, Turin, Italy. ] 

Carichofi, E. R. Electrical Engineer, Sprague Electric 

Co., Bloomfield, N. J. j 

Carpenter, Chas. E. Vice-President, Carpenter Enamel 

Rheostat Co.; residence, 36 W. 35th 
ot., New York. , 


Byrns, Robert A. 


Bate of Election. 
Mar. 21, 1893 

Feb. 7, 1890 
Dec. 16, 1896 


April 37, 1895. 
May 16, 1893 


Jan. 20, 1891 


Capuccio, Mario 


Carson, David I. Secy and Gen. Supt., The Southern 

Dell Telephone and Telegraph Co., 
n tt ^ Cortlandt St., New York Citv 

Carter, Henry W a K 

Attorney and Expert in Patent Causes, 
Carter At Graves, 810 Reaper Block, 
Chicago, Ill. 

Cariy, J. J. Engineer, New York Telephone Co., 

5 • J Dey ' New Yor k City • 
residence, Cranford, N. J. J ’ 

Case, Willard E. r 9 6 Genesee St., Auburn, N. Y. 

asper, Louis h En |p neer and Contractor, 

ji22 Wabash Ave., Chicago, Ill. 

hadbourne, Henry R„ Jr Electrical Engineer, 130 Bedford 

ot., Boston, Mass 

Chapman, A. Wr.ght Electrical Engineer, x6o Hicks St , 

Brooklyn, N. Y. 

Cheney, Frederick A. Maple Avenue, Elmira, N. Y 
Chermont, Antonio Leite Engineer, Firm of Chermont, Silva 

BrLh nd3 ’ B ° X 252 ’ Para ’ U ‘ s - 

(2l) 


June 20, 1894 

Feb. 21, 1893, 
May 21, 1895 

Dec. 20, 1893. 
Mar. 21, 1894 

Aug. 5 , 1896- 
Dec. 21, 1892 
Apr. 28, 1897 


April 15, 1890- 
Feb. 7, 1888 

April 21, 1891 

May 15 , 1894 

Mar. 25, 1896 
Oct. 1, 1889,- 

Mar. 18, 1890 



Name. 

Chesney, C. C. 

Childs, Sumner W. 

Childs, Walter H. 
Chism, George F. 

Chubbuck, H. Eugene 

Clark, Chas. M. 

Clark, LeRoy, Jr. 

Clark, William J. 

Clement, Edward E. 

Clement, Lewis M. 
Clough, Albert L. 
Cody, L. P. 

Coffin, Chas. A. 
Cogswell, A. R. 

Coho, Herbert R, 

Coles, Edmund P. 
Colgate, Geo. L. 

Collett, Samuel D. 

Colville, Frank C. 
Compton, Alfred G. 

Coolidge, Charles A. 


ASSOCIATE MEMBERS 
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.Address* D&tc of Election® 

Electrician, Stanley Laboratory, Pitts¬ 
field, Mass. J une 20 > i8 94 

c/o J. G. White Co.. 706 Equitable 

Bldg., Baltimore, Md. May 15, 1894 

Brattleboro, Vt. Sept. 6, 1887 


Civil Engineer, 3 No. Pearl Street, 

Albany, N. Y. Mar. 21, 1S93 

Vice-President, The Pueblo Electric 

Street Railway Co., Pueblo, Col. Dec. 4, 188S 

Student, Electrical Course, Columbia 
University ; residence, 831 Madison 
Ave., New York City. April 22, 1896 


Electrical Engineer of the Safety Insu¬ 
lated Wire and Cable Co., 229 West 
28th St., residence, 208 West 85th 
St., New York City. 

General Manager, Railway Dept. Gen¬ 
eral Electric Co., 44 Bro&d Street, 
New York City. 

Ass’t Examimer, Electrical Division, 
U. S, Patent Office, Washington, 
D C. 

1013 Central Ave., Oakland, Cal. 

Box 114, Manchester, N. H. 

.Manager and Engineer, Grand Rapids 
Electric Co., 9 South Division St., 
Grand Rapids, Mich. 

General Electric Co., 1S0 Summer 
St., Boston, Mass. 

Electrician and Superintendent, Hali¬ 
fax Illuminating and Motor Co., 
Ltd., 34 Bishop St., Halifax, N. S. 

H. B. Coho & Co., Electrical En¬ 
gineers, 220 Broadway, New York 
City. 

Resident Engineer, Manaos Electric 
Lighting Co., Manaos, U. S. Brazil. 


May 15, 1894 

April 22, 1896 

May 18, 1897 
April 21, 1891 
Feb. 21, 1894 

Aug. 5, 1896 
Dec. 6, 1887 


April 21, 1891 

Mar. 21, 1894 
Oct. 23, 1895 


Electrical Engineer, Ironclad Rheostat 
Co., Westfield, N. J.; residence, 

Fanwood, N. J. June 17* 1890 

Eastern Manager, Elevator Supply 
and Repair Co., 136 Liberty St., 

New York City; residence, Van 

Pelt Manor, N. Y. Feb. 26,^1896 


Electrician and Inventor, I5°3 Seventh 
Ave., Oakland, Cal. 

Professor of Applied Mathematics, 
College of the City of New York, 
17 Lexington Ave., New York City. 

Electrical Engineer, Portland Ceneral 
Electric Co , 12 Selling-Hirsch Bldg. 
Portland, Ore. 


May 19, 1891 
Nov. 1 1887 
April 19, 1892 
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ASSO CIA TE MEMBERS 


Name. Add ress. 

Copeland, Clement A. Assistant Superintendent, Edison 

Electric Co., Los Angeles, Cal. 

Corey, Fred Brainard Secy Springfield Elevator and Pump 

Co., Springfield, Mass. 

Cornell, John B. Supt. of Construction, with Chas. L. 

Cornell, Hamilton, O. 

Corson, William R. C. Electrical Engineer, The Eddy Electric 

Mfg. Co., Windsor, Conn. 


Cory, Clarence L. 


Crain, John Jay, 


Professor of Electrical Engineering, 
University of California, Berkeley, 
Cal. 


American Impulse Wheel Co., 120 
Liberty St., New York City. 

Crandall, Chester D. Assistant Treasurer, Western Elec¬ 
tric Co., 227 South Clinton St.; 
residence, 4438 Ellis Ave. Chi¬ 
cago, Ill. 

Crane, W. F. D. Manager Electrical Department II. W. 

Johns Manufacturing Co., 100 

William Street, New York City; 
residence, 24 Halstead PI., East 
Orange, N. J. 

Crawford. David Francis Ass’t to Supt. Motive Cower 

I’enn’a Co., Fort Wayne, [ml. 

Crawford, L. G. Sup’t, Repair Dep’t General Electric 

Co., Chicago, Ill, 

Creaghead, Thomas j. President and General Manager 

Creaghead Engineering Co., 296 
I lum St., Cincinnati, O. 

Crehore, Albert C., I'h.D. Assistant Professor of Physics 

Dartmouth College, Hanover, N. IL 

Crews, J. W. Manager Southern Bell Telephone 

and telegraph Co., 124 Main St 
Norfolk, Va. 4 

Criggal, John E. Electrician, 61 Stirling Street, New- 

ark, N. J. 

Crocker, Ehen Clinch Electrical Engineer, American Ord- 

nance Co., 29 Harriet Street, 
Bridgeport, Conn. 

W ™l te ; C . rosby Co -' I 4 i 7 G Street, 
Washington, I). C. 

64 Federal St., Boston, Mass. 

Sup’t Fort Dodge Light and Power 
Co., rort Dodge, Iowa. 

Assistant to President Henry Morton 
Stevens Institute of Tcchnolotrv’ 
325 Hudson St., Hoboken, N. J 

daCuniia, mangel Ignacio Manager of the Electrical Section 

Emprera Industrial Gram-Para,’ 
Para, U. S. of Brazil. 

Dame. Frank L. General Sup’t Tacoma Railway and 

Motor Co., Tacoma, Wash. 


Date of Election. 
June 23, 1897 

Dec. 20, 1S93 

Sept. 25, 1895 

Jan. 17, 1893 

April 19, TS92 
Dec. 16, 1896 


Kept. 27, 1892 


Crosby, Oscar T. 

Cumner, Arthur B. 
Cunningham, E. R. 

% 

Cuntz, Johannes H. 


Peb. 7, 1888 
« 

Sept. 25, 1895 
Oct. 23, 1S95 

Sept. 20, 1893 
Dec, 2t, 1892 

Kept. 19, 1894 
June 20, 1894 

Jan. 26, 1898 

Mar. 18, 1890 
Feb. 27, 1895 

Jan. 22, 1896 
Mar. 5, 1889 


May 16, 1893 
June 26, 1891 


(2r) 



ASSOCIATE MEMBERS 
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Name. 

Damon, Geo. B. 
Dana, R. IC. 
Danielson, Ernst 
Darrow, Eleazar 
Davenport, C. G. 


Address. 

Metropolitan Electric Construction 
Co., 20 Broad St., New York City. 

Agent, Washburn and Moen Mfg. 
Co., 16 Cliff St., New York City. 

Consulting Electrician, 16 Scheele 
Gatan, Stockholm, Sweden. 

Professor M. E. Dept. Washington 
Agr. College, Pullman, Wash. 

Expert and Agent, General Electric 
Co.. 44 Broad St., New York City. 


Davenport, George W. 6 i Ames Bldg., Boston, Mass. 


Davidson, Edw. C. 
Davis, Delamore L. 


Davis, Joseph P. 
Davis, W. J., Jr. 
Degen, Lewis 


Patent Lawyer, Room 179 Times 
Bldg., New York City. 

Superintendent, Salem Electric Light 
and Power Co., 299 Lincoln Ave., 
Salem, O. 

Engineer, American Bell Telephone 
Co.,113 W. 38th St.,New York City. 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 

Constructing Engineer, Gen’l Electric 
Co., Rio de Janeiro, Brazil. 


deKi-iotinsky, Capt. Achilles, Late Chief Electrician and 

Torpedo Officer, Imperial Russian 
Navy, Western Electric Co., Chi¬ 
cago, Ill. 

DeLaNCEY, DarrAGH Manager of Kodak Park Works, East¬ 
man Kodak Co., Rochester, N. Y. 


Denton, James E. 

DeRedon, Constant 
Dewar, John Thomas 

Dey, Harry E. 

Dickerson, E. N. 
Dinkey, Alva C. 
Dobbie, Robert S. 


Professor of Experimental Mechanics, 
Stevens Institute of Technology, 
Hoboken, N. J. 

Consulting Engineer, 27 Thames St., 
New York City. 

Electrical Expert, Western Electric 
Co.; residence, 33 Rue Bouewijns, 
Antwerp, Belgium. 

Pres’t and Gen’l Mgr. Dey-Griswold 
Co., residence, 62 Church St., 
Pawtucket, R. I. 

Attorney-at-Law, 64 E, 34th St., New 
York City. 

Supt. Electric Dept., Homestead Steel 
Works, Munhall, Pa. 

Electrical Engineer, Riding Mill-on- 
Tyne, Northumberland, Eng. 


Doolittle, Clarence E. Manager and Electrician, Roaring 

Fork Electric Light and Power Co., 
Aspen, Colo. 

Doolittle, Thomas B, Engineering Department, American 

Bell Telephone Co., 125 Milk St., 
Boston, Mass. 


Date of Election. 

June 23, 1897 

April 15, 1884 

June 27, 1S95 

Aug. 5, 1896 

Nov. 21, 1894 
June 4, 1889 

Feb 7, 1890 

April 2, 1889 
April 15, 1884 
Mar. 20, 1895 
Sept. 25, 1895 

Oct. 27, 1891 
Sept. 19, 1894 

July 12, 1887 
May 18, 1897 

May 21, 1895 

Dec. 19, 1894 
April 15, 1884 
Feb. 17, 1S97 
Feb. 5, 1889 

May 15, 1894 

May 16, 1893 


(22) 
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ASSOCIATE MEMBERS 


Name. Address. 

Doremus, Charles Avery M.D. Ph.D. 59 W. 51st St., New 

York City. 

Dressler, Charles E. 17 Lexington Ave., New York City. 

Drysdale, William A. Consulting Electrical Engineer, Hale 

Building, Philadelphia, Pa. 

Du Bois, Julian Chief Electrician, Mohawk Division 

N. \. C. & H. R. R. R. Albany, 
N. Y. 

76 Miller Ave., Ann Arbor, Mich. 

Electrician,, Laboratory Fort Wayne 
Electric Corporation, 407 Broadway, 
Fort Wayne. Ind. 

Electrical Engineer, Westinghouse 
Elec, and Mfg. Co., Niagara Falls, 

N. Y. 

Dunn & McKinley, Electrical Con¬ 
tractors, 523 Mission St., San Fran¬ 
cisco, Cal, 

Chief Electrical Engineer, Manhattan 
State Hospital of the State of New 
^ ork, Ward’s Island, N. Y.; resi¬ 
dence, 115 East 26th St., New York 
City. 

Vice-Pres’t Bell Telephone Co., of Mo., 
511 No. 4th St., St. Louis, Mo. 

Dyer, Francis Maron Associate Engineer with Chas. L. 

Eidlitz, 10 W est 23d St ; residence, 
355 Lenox Ave., New York City. 

Electrical Engineer and Contractor, 
Lees Building, Chicago, III. 

Eden, Morton Edward Electrical Inspector, Western District 

the Underwriters’ Association of 
the Middle Department, 245 Fourth 
Ave., Pittsburg; residence, W'arren 
Pa. 

Construction Engineer, General Elec¬ 
tric Co., 706, Ihe Phoenix, Minne¬ 
apolis, Minn. 


Duncan, John D. E. 
Duncan, Thomas 

Dunlap, Will Knox 
Dunn, Kingsley G. 

Durant, Edward 


Date of Election. 

July 7, rSS4 
Dec 16, 1S90 

Sept. 19, 1S94 


Nov. 20, 1S95 
Mar. 20, 1S95 

Oct. 17, iSg4 

Sept. 25, 1895 
Oct. 17, 1894 


Durant, Geo. F. 


Eddy% H. C. 


Nov. 15, 1892 
April 15, 1884 

Sept. 19, 1894 
June 20, 1894 


Edmands, I. R. 


Edwards, James P. 
Eglin, Wm. C. L. 

Ekstrom, Axel 
Eley, Harris H. 

Ellard, John W. 

Elias, Albert B. 
(20) 


Electrical Engineer, 1569 Walton Way 
Augusta, Ga. 

Chief of Electrical Department, Edison 
Electric Light Co., 909 Walnut St.; 
residence, 4230 Chester Ave., Phila¬ 
delphia, Pa. 

Electrical Engineer, General Electric 
Co.; Schenectady, N. Y. 

Electrical Workshop Supt. W. C. & S. 

W. Telephone Co., 88 Colston St., 
Bristol, Eng. 

Treasurer, Edison Electric Illuminat- 
^°uth Street, Baltimore, 

ivid. 

Electrician, Davis Coal and Coke Co, 
Thomas, West Va. 


Sept. 19, 1894 

June 23, 1S97 
April 19, 1892 

Sept. 19, 1894 
June 17, 1890 

Jan. 7, 1890 

June 23, 1897 
Jan. 26, 1S98 



ASSOCIATE MEMBERS 


Name. Address. 

Ellicott, Edward B. Superintendent of City Telegraph, 

Union League Club, Chicago, Ill. 

Elmer, William, Jr. Electrical Engineer, 6S Park Place, 

Newark, N. J. 

Ely, Wm. Grosvenor, Jr. 8 Union Street, Schenectady, N. Y. 

Em ERICK, Louis W. Electrical Engineer, The Solvay Pro¬ 
cess Co., Syracuse, N. Y ; residence 
208 East Jefferson St., Syracuse, 
N. Y. 

Emmet, Herman L. R. Publisher and Printer, 36 Cortlandt 

St., New York City. 

Ende, Siegfried H. 121 E. 77th St., W. New York City. 

Entz, Justus Bulkley Electrical Engineer, Electric Storage 

Battery Co., 19th St., and Allegheny 
Ave., Philadelphia, Pa. 

Erickson, F. Wm. Electrical Engineer, Lord Electric Co., 

181 Tremont St., Boston, Mass. 


Esty, William 


Assistant Professor of Electrical Engi¬ 
neering, State University, Urbana, 


Ill. 


Etheridge, Locke 

Etheridge, E. L. 
Evans, Edward A. 

Eyre, M. K. 
Farnsworth, Arthur 
Fay, Thomas J. 
Fielding, Frank E. 

[Life Member.] 

Firth, Wm. Edgar 

Fischer, Gustave J. 

Fish, Milton L. 
Fisher, Henry W. 

Fiske, J. Parker B. 
Flather, John J. 


Chicago Telephone Co.; residence, 

44 E. 50th St., Chicago, Ill. 

Care of J. P. Hall, 143 Liberty St., 
New York City. 

Acting Chief Engineer, The Quebec, 
Montmorency and Charlevoin Rail¬ 
way, Quebec, Canada. 

Manager Harrison Works, General 
Electric Co., Harrison, N. J. 

J. Chief Engineer, Larchmont Electric 
Co., Mamaroneck, Conn. 

Crocker-Wheeler Electric Co., 39 
Cortlandt St., New York City. 

Chemist and Assayer, Virginia City, 
Nev. 

Chief Engineer, The Midvale Steel 
Co., Nicetown, Philadelphia; resi¬ 
dence, 7203 Boyer St., Germantown, 
Pa. 

Engineer for Tramway Construction, 
Public Works Department, Sydney, 
N. S. W. 

306 Bryant St., Buffalo, N. Y. 

Electrician and Director of Elec, and 
Chem. Laboratories; The Standard 
Underground Cable Co., Pittsburg, 
Pa. 

164 Devonshire St., Boston, Mass. 

Professor of Mechanical Engineering, 
Purdue University, Lafayette, Ind. 
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Date of Election. 
Sept. 19, 1894 

Mar. 18, 1890 
Mar. 21, 1893 

Aug. 13, 1897 

April 15, 1884 
Jan. 17, 1894 

Jan. 7, 1890 
Sep. 19, 1894 

Mar. 20, 1895 
Oct. 17, 1894 
Dec. 20, 1893 

Jan. 22, 1896 
Oct. 17, 1894 

Jan. 16, 1895 
June 26, 1891 
Sept. 6, 1887 

Mar. 25, 1896 

Jan. 20, 1891 
Oct. 21, 1896 

Jan. 16, 1895 
June 17, 1890 

April 19, 1892 


(22) 
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ASSOCIATE MEMBERS 


Name. Address. 

Flesch, Charles Electrical Engineer, Allgemeine Elek- 

tricitats-Gesellschaft, 22 Schiffbauer- 
damm, Berlin, N. W. Germany. 


Flood, J. F. 

Flory, Curtis B. 
Floy, Henry 

Foote, Charles W. 

Foote, Thos. H. 

Forbes, Francis 
Forbes, George 


Sup’t Steubenville Traction Co., 

Steubenville, O. 

Link Belt Engineering Co., Nicetown, 
Philadelphia, Pa. 

Engineer Westinghouse Electric and 
Mfg. Co., 171 La Salle St.; residence, 
5540 Cornell Ave., Chicago, Ill. 

General Manager, Citizens Traction 
Co., San Diego, Cal. 

Electrical Engineer, C. & C. Electric 
Co., Garwood, near Westfield, N. J. 

Lawyer, 32 Nassau St., New York City. 

Electrical Engineer, 34 Great George 
St., London, Eng. 


Ford, Arthur Hillyer, 706 University Ave., Madison, Wis. 

Ford, Frank R., M. E. Consulting Engineer, Ford, Bacon & 

Davis, 220 Broadway, New York 
City. 

Assistant to Chief Engineer, The 
American Bell Telephone Co., room 
73, 125 Milk St., Boston, Mass. 

President and General Manager, Rut¬ 
land Electric Light Co., Rutland,Yt. 

Instructor in Electrical Engineering, 
State College, Center Co., Pa. 

Lehigh University, South Bethlehem, 
Pa. 

Electrical Engineer and Contractor, 
225 Dearborn St., Chicago, Ill. 

French, Prof. Thomas, Jr. Ph.D. Avondale, Cincinnati, O. 

Frenyear, Thomas C. Westinghouse Electric and Mfg. Co., 

Guaranty Bldg., Buffalo, N. Y. 

Fridenberg, Henry Leslie, M. E. Stanley Mfg. Co., (Meter 

Dept.,) Pittsfield, Mass. 

Friedlaender, Eugene Electrician, Carnegie Steel Company, 

Duquesne, Pa. 

Frost, Joseph W. Secretary, National Automatic Fire 

Alarm, 335 Broadway, New York 
City. 

Gallaher, Edward B. Consulting and Supervising Engineer, 

120 Liberty Street; residence, 1190 
Madison Ave., New York City. 

Garrels, W. L. 4531 West Pine Boulevard, St. Louis, 

Mo. 


Ford, Wm. S. 

Francisco, M. J. 
Fran ken field, Budd 
Franklin, W. S. 
Frantzen, Arthur 


Garfield, Alex. Stanley Engineer, Cie Thomson-Houston, 

27 Rue de Londres, Paris, France. 

Gerry, James H. Superintendent, The Self-Winding 

Clock Co., 163 Grand Ave., Brook¬ 
lyn, N. Y. 

Gerson, Louis Jay Engineer and Contractor, 712 Sansom 

St. ; residence, 637 S. 49th St , 
Philadelphia, Pa. 


Date < 

>f Election.. 

Sept. 

27 , 

1892 

Mar. 

l8, 

1890 

April 

22. 

, 1S96 

May 

17 , 

1892 

Sept. 

on 

4* +* j 

1891 

April 

21, 

1891 

Sept. 

16, 

1890 

Feb. 

21, 

1894 

Mar. 

24, 

1S97 

Mar. 

2f > 

1896 

J une 

7 . 

1892 

June 

17 , 

1890 

Feb. 

17, 

!Sy7 

Jan- 

no 

~ - » 

I896 

Feb. 

21, 

I894 

Sept. 

20, 

X 893 

Sept. 

25 , 

I895 

J an. 

l6, 

1895 

Nov. 

20, 

1895 

Mar. : 

20, 

1895 

Jan. 

x 9 » 

1895. 

Mar. 20, 

1895 

Jan. 

26, 

I 898 

April 

18, 

1894 


Sept. 19, 1894 


(25) 



ASSOCIATE MEMBERS 


Gilliland, E. T. 
Gilmore, Lucien H. 

Githens, Walter L. 


Goddard, Chris. M. 


Goldmark, Chas. J. 


Name. Address. 

Gherardi, Bancroft, Jr., Assistant in the Engineering Dept. 

New York Telephone Co.; resi¬ 
dence, 30 East 33d St., N. Y. City. 

Pelham Manor, N. Y. 

Prof, of Physics and Electrical Engi¬ 
neering, Throop Polytechnic Insti¬ 
tute, Pasadena, Cal. 

Manager, H. P. Elec. Light and 
Power Co., 7284 So. Chicago Ave.; 
residence, 5101 Kimbark Ave., Chi¬ 
cago, Ills. 

Grading, Frank W.. M. E. y M. S. Edison Manufacturing Co., 

West Orange, N. J. 

Gladstone, James Wm. Manager, Edison Mfg. Co., no East 

23d St., New York City ; residence, 
West Orange, N. J. 

Secretary and Electrician, New En¬ 
gland Insurance Exchange. Sec’y 
Underwriters’ National Electric 
Ass’n, 55 Kilby St,, Boston, Mass. 

Electrical Engineer, 39 Cortlandi St., 
and 473 Park Ave., New York City. 

Goldsrorough, Winder Elwell, M. E Professor of Elec¬ 
trical Engineering, Purdue Univer¬ 
sity, Lafayette, Ind. 

Civil Engineer, Belmont, N. Y. 

Tutor in Physics, Columbia Uni¬ 
versity, New York City. 

With Siemens & Halske, Franklin- 
strasse 29, Charlottenburg, Ger. 

Gossler, Philip Green Electrical Engineer, Royal Electric Co. 

94 Queen St., Montreal, P. Q. 

Gott, Clarence P. 83 Washington Place, New York City. 

Graham, George Wallace 80 Decatur St., Brooklyn, N. 

Granbery, Julian H. Draughtsman, residence, Closter, N. J. 

Graves, Chas. B. Marblehead, Mass. 

Greenleaf, Lewis Stone Electrician. H u ^ on Ejver Tele- 

phone Co., Albany, N. Y. 

Green, Elwyn Clinton Testing Department a . nd ^tailing 
^ ’ Work, Jenney Electric Motor Co., 

206 South East St., Indianapolis, 

Ind. 

Secretary California Electric Works, 
409 Market St., San Francisco, Cal. 

Inventor, Electric Conduit and Elec¬ 
tric Signaling Apparatus, 60 Broad- 
way ; residence, 304 Yest 90th St., 
New York. 

Electrical Engineer, 534 South Broad¬ 
way, Los Angeles, Cal. 


m 

Date of Election. 


June 27, 1895 
April 15, 1SS4 

Mar. 20, 1895 

Jan. 22, 1896 
May 15, 1894 

April 18, 1894 


April 22, 1S96 


Gorton, Charles 
Gordon, Reginald 

Gorrissen, Ch. 


June 

5 , 

1S88 

Mar. 

21, 

1893 

Nov. 

12, 

1889 

Feb. 

24, 

1891 

Mar. 

25, 

1S96 

June 

20, 

1894 

Nov. 

20, 

1895 

Dec. 

19 . 

1894 

Aug. 

5 s 

, 1896 

Sept. 

15 , 

, 1897 

Aug. 

5 , 

, 1896 


Greenwood, Fred. A. 
Griffen, John D. 


Griffes, Eugene 


Mar. 25, 1896 
April 28, 1897 

Aug. 13* *897 
Feb. 26, 1896 


(22) 
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ASSOCIATE MEMBERS 


Name. Address. Date of Election 

Griffin, Capt. Eugene First Vice-President, General Electric 

Co., 44 Broad St., New York City. Feb. 7, 1890 

Gross, S. Ross Electrician, Tennessee Coal, Iron and 

R.R. Co., Ensley, Ala. May 17, 1892 

Grower, George G. Electrician and Chemist, Ansonia 

Brass and Copper Co., Ansonia, 

Conn. Mar. 18, 1890 

Guy, George Heli Secretary, The New York Electrical 

Society, 120 Liberty St , New York 

City. May 16, 1893 

Hadley. Arthur L. Assistant Electrician to Chief Electri¬ 
cian and Gen ’3 Supt., Fort Wayne 
Electric Corporation, 174 W. Craigh- 
ton Ave., Fort Wayne, Ind. Oct. 17, 1894 

Hadley, Fred’k W. Electrical Eng’r, Arlington Heights, 

Mass. Aug. 5, 1896 

Hakonson, Carl Harold Electrical Engineer, with the Union 

Elektricitats Gesellschaft, Hollmann 

Str. 32, Berlin S. W. f Ger. Sept. 25, 1895 

Hall, Edward J. Vice-President and General Manager, 

American Telephone and Telegraph 

Co., 15 Dey St., New York City. April 18, 1893 

Hall, J, P. Electrical Contractor, 143 Liberty St.; 

residence, 200 W. 136th St., N. Y. Aug. 5, 1896 


Hall, William P. President, The Hall Signal Co., Vice- 

President The Johnson Railroad 
Signal Co., 44 Broad St., New York 
City. 

Halsey, William B. Electrician and Horologist, 246 Elton 

St., Brooklyn, N. Y. 

Hamerschlag, Arthur A. Electrical Expert, and Owner 

Hamerschlag & Co., 100 Maiden 
Lane, New York City. 

Hammatt, Clarence S. Supt., Jacksonville Electric Light Co., 

Jacksonville, Fla. 

Hanchett, Geo. T. Electrical and Technical Engineer, 

123 Liberty St., N. Y.; residence, 
Hackensack, N. J. 

Hancock, L. M. P. O. Box 151. Nevada City, Cal. 

Harding, H. McL. i Nassau Street, New York City. 

Harris; George H. Electrical Engineer, Birmingham Rail¬ 
way and Electric Co., Birmingham, 
Ala. 

Harris, W. C. } Jr. Electrician, Harris & Williamson, Bir¬ 
mingham, Ala. 

Hartman, Herbert T. Cor. 10th and Sansom Streets Phila-' 

delphia, Pa. 

HA ?Ufe M^bSf R ' 10 S °‘ FrankIin St., Wilkes-Barre, Pa. 


Sept. 16, 1890 
Mar. 18, 1890 

Mar. 25, 1896 
Sept. 20, 1893 

May 19, 1896 

* 

May 19, 1S91 
May 24, 1887 

June 20, 1894 

April 17, 1895 

Mar. 21, 1893 
Sept. 25, 1895 


(20) 
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Name. Address. 

Hathaway, Joseph D., Jr. Assistant in Cable Dep’t Western 

Electric Co., 57 Bethune St., N. Y. 
City. 

Hatzel, J. C. Electrical Engineer and Contractor, 

114 Fifth Ave., New York City. 

Healy, Louis W. Mechanical Engineer’s Office, Altoona 

Pa. 

Hedenberg, Wm. L. Firm of Hedenberg & Kinsey, Con¬ 
sulting and Constructing Engin¬ 
eers, 108 Fulton St.; residence, 83 
Clinton Place, New York City. 

Hellick, Chauncey Graham Electrical Engineer, The Chicago 

Telephone Co.; residence, 193 Dear¬ 
born Ave., Chicago, Ill. 

Henderson, Alex. Chief Inspector, New York Fire Dept.; 

residence, 321 West 118th St. N. Y. 

Henderson, Henry Banks Riverside, Cal. 

Hermessen, John Louis Chief of Data Dept., Union Elektrici- 

tats Gesellschaft, Kleist Strasse 29, 
Berlin, Germany. 


Hessenbruch, George S. E.E, Ph.B. Berliner Str. 75, Char- 

lottenburg, Germany, 

Hewitt, Charles*E. Electrician, Hyer-Sheehan Electric 

Motor Co., 100 Johnson St., New¬ 
burgh, N. Y. 

Hewitt, William R. Superintendent, Fire Alarm and Police 

Telegraph, 9 Brenham Place, San 
\ Francisco, Cal. 


Hewlett, Edward M. 


Hill, George, C.E. 
Hill, H. P. 

Hill, Nicholas S., Jr. 


Hoag, Geo. M. 


Electrical Engineer, Railway Dept. 
General Electric Co., Schenectady, 
N. Y. 

Consulting Engineer, 44. Broadway, 
New York City. 

Washington Loan and Trust Building, 
Washington, D. C. 

Chief Engineer Water Department, 

City Hall, Baltimore, Md. 

* 

City Electrician, City of Cleveland, 
115 City Hall; residence, 3 Dor¬ 
chester Ave., Cleveland, O. 


Hobart, Henry M. Engineer, care British Thomson- 

Houston Co., 83 Cannon St., Lon¬ 
don Eng. 

Hochhausen, William Electrician, 40 4th Ave., Brooklyn, 

N. Y. 

Holberton, George C. Electrical and Mechanical Engineer, 

Bangkok, Siam, 

Holbrow, Herman L. With New York Telephone Co., New 

York Citv; residence, Rutherford, 

N. J. 

Holt, Marmapuke Burrell, Mining and Electrical Engineer, 

287 Lexington Ave. New York,N.V . 


Hommel, Ludwig 


Supt. of Construction, Standard 
Underground Cahle Co., Westing- 
house Building, Pittsburg, Pa. 


Date of Election. 

Aug. 5, 1896 
Sept. 3, 1889 

June 26, 1891 

Nov. 21, 1894 

Jan. 26, 1898 

Nov. 30, 1897 
May 21, 1895 

Jan. 20, 1897 
June 27, 1895 

Sept. 25, 1895 
May 15, 1894 

May 19, 1891 
April 19, 1892 

Nov. 18, 1897 
Aug. 5, 1896 

April 28, 1897 

April 18, 1894 
April 15, 1884 
May 15, 1894 

Mar. 24, 1897 
April 15, 1890 

Jan. 20, 1897 


(22) 
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Name. Address. Date of Election. 

Hood, Ralph O. Electrical Engineer, Danvers, Mass. April 18, 1894 

Hopewell, Chas. F. Inspector of Wires, Supt. of Lamps, 

Fire Alarm and Police Telegraph, 

City of Cambridge, City Hall; resi¬ 
dence, 82 Magazine St., Cambridge- 
port. Mass. Aug. 13, ig 97 

« Hopkins, Nevil Monroe Electrical Engineer, 1730 I Street, 

Washington, D. C. Nov. 20, 1895 


Hornsby, Harry H. 
IIosmer, Sidney 

Howson, Hubert 
Hubbard, Albert S. 

Hubbard, William C. 


Electrical Inspector, t6 City Hall, 
Chicago, Ill. 

Sup't. Underground Cable Dep’t, 
Boston Electric Light Co , Ames 
Building, Boston, Mass. 

Patent Lawyer, 38 Park Row, New 
York City. 

Electrical and Mechanical Engineer, 
The Electro Chemical Storage Bat¬ 
tery Co., Belleville, N. J. 

Vice-President, The Electric Arc Light 
C0./150 Nassau St., New York City; 
residence, 427 West 7 th St., Plain - 
field, N. J. 


June 27, 1895 

May 18, 1897 
June 8, 1887 

Nov. 20, 1895 

April 18, 1894 


Hubley, G. Wilbur 


Electrical Engineer, Louisville Electric 
Light Co.; residence, 717 Fourth 
Ave, Louisville, Ky. 


Hubrecht, Dr. H. F. R. Director, Nederlandsche 


phone Co., Amsterdam, 


Bell Tele- 
I folland. 


Hudson, John E. President, The American Bell Tele¬ 

phone Co., 125 Milk St., Boston, 
Mass. 


Huggins, N. W. 
Huguet, Chas. K. 
Hull, S. P. 

Hulse. Wm. S. 
Humphreys, C. J. R. 

1 

Hunt, Arthur L. 
Huntley, Chas. R. 


Salesman, etc., General Electric Co. 
Seattle, Wash. 


Electrical Engineer, 1216 Carondelet 
St., New Orleans, La. 


Chief Electrician of Hudson Div. N, 
V. C. N IL E. R. R. Co., Pough¬ 
keepsie, N. Y. 


Electrical Engineer, Fort Wayne Elcc- 
tnca 1 Corporation, 228 Fairfield 
Ave., Port Wayne, Ind. 


Manager, Lawrence Gas Co., and 
Edison Electrical III Co., Law¬ 
rence, Mass. 

Electrician, W. R. Fleming & Co., 203 
Broadway, New York City. 

General^ Manager, Buffalo General 
Electric Co., 40 Court St., Buffalo, 


Hutchinson, Frederick 
Idell, Frank E. 

(20) 


k* Electrical Engineer, Westinghouse 
Electric and Mfg. Co., Pittsburg, Pa. 

Havemeyer BuiMing, 26 Cortlandt St., 
New York City. 


Sept. 19, 1894 
Oct. 4, 1887 

Dec. 20, 1893 
Aug. 5, 1896 
June 27, 1895 

May 19, 1896 

Mar. 25, 1896 

Sept. 6, 1887 
Sept. 19, 1894 

Sept. 25, 1895 

June 20, 1894 
July 12 1887 
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Name. 

Ihlder, John D. 
Iijima Zentaro, 

Ingold, Eugene 

Xnsull, Samuel 

Irvine, Drew W. 
IWADARE, KUNIHIKO 

Jackson, Wm. B. 

Jackson, Wm. Steell 

Jaeger, Charles L. 
Johnston, W. J. 

Jones, Arthur W. 

Jones, F. R. 

Jones, G. H. 

Jones, Henry C. 

Jones, M. E. 

Judson, Wm. Pierson 

Kammerer, Jacob A. 

Kammeyer, Carl E. 
Keefer, Edwin S. 

Keilholtz, P. 0 . 
Keller, E. E. 

(2l) 


Address. 

Electrical Engineer, Otis Electric Co., 
Yonkers, N. Y. 

In charge of Transformer Testing 
Dep’t., Wagner Elec. Mfg. Co., 
2017 Locust St., St. Louis, Mo. 

Consulting Engineer and Expert, 1669 
Second Ave., Pittsburg, Pa. 

President, Chicago Edison Co., 139 
. Adams St., Chicago, Ill. 

[Address unknown.] 

Electrician, 19 Second St., Nakanosh- 
ima, Japan. 

New York and Staten Island Electric 
Co., West New Brighton, N. Y. 

So. Bell Telephone and Telegraph Co., 
Jacksonville, Fla. 

Inventor, Maywood, N. J. 

The Electrical World , 253 Broadway. 
New York City. 

Care of Gibbs, Bright & Co., Mel¬ 
bourne, Australia, 

Professor of Machine Design, Uni¬ 
versity of Wisconsin, Madison, Wis. 

Agent, General Electric Co., Casilla 
2317 D Santiago, Chile. 

Member of Firm, the Electric Construc¬ 
tion and Supply Co.,. Montgomery, 
Ala. 

Contractor, and Student in Senior 
Class, Cornell University, Ithaca, 
N. Y. 

U. S. Civil Engineer, Oswego, N. Y.; 
temporary address, 896 Ellicott 
Square, Buffalo, N. Y. 

General Agent, The Royal Electric 
Co., Toronto ; residence, 97 Mac- 
donell Ave., Toronto, Ont. 

Electrical Engineer, Maywood HI. 

Supt. of Electric Light Construction, 
Western Electric Co ,57 Bethune St., 
New York City; residence, Eliza¬ 
beth, N. J. 

U. S. Electric Power and Light Co., 
Holliday and Centre Sts., Baltimore, 
Md. 

Vice-Prest. and General Manager, 
Westinghouse Machine Co , 224 
Murtland Ave., Pittsburg, Pa. 


Date of Election. 
Oct. 2, 1888 

Jan. 22, 1896 

April 18, 1894 

Dec. 7, 1886 
Sept 25, 1895 

Sept. 20, 1893 

Aug. 13, 1897 

April 22, 1896 
Dec. 20, 1893 

April 15, 1884 

Oct. 17, 1894 

May 20, 1890 

April 17, 1895 

Mar. 20, 1895 

Oct. 27, 1897 

June 8, 1887 

April 28, 1897 
Sept. 19, 1894 

April 18, 1894 
Mar. 21, 1893 
Sept. 20, 1893 
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ASSOCIATE MEMBERS 


Name. Address. 

Keller, Edwin R Mechanical and Electrical Engineer, 

Falkenau Engineering Co., Ltd., 
727 Reading Terminal, 4823 Spring- 
field Ave., Philadelphia, Pa. 

Kellogg, James W., Af.E, General Electric Co., Lighting 

Dept., Schenectady, N. Y. 

Manufacturers' Electric Co., American 
and Somerset Sts., Philadelphia, Pa. 

Chemist and Electrical Engineer, 
Lake Superior Carbide Works, 
Sault Ste., Marie, Mich. 

Kennelly, Arthur E. (Manager.) Electrician, Firm of Hous- 

r * • r nr « — . a *w y 11 v-i. - * 


Kelly, William F. 
Kenan, Wm. R. Jr. 


Dare of Election. 

Mar. 21, 1894 

June 26, 1891 
Mar. 24, 1897 

Jan. 20, 1897 


[Life Member.] 


Ker, W. Wallace 


ton & Kennelly, Crozer Bldg., 1420 
Chestnut St.; residence, The Land- 
sowne, 41st St. and Elm Ave., 
Philadelphia, Pa. 

Instructor of Electricity, Iiebrew 
Technical Institute, 36 Stuyvesant 
St., New York City. Residence, 43 
Waverly St., Jersey City, N. J. 

With V. C. & C. V. King, 517 West 
St.; residence, no East 16th Street, 
New York. 

Teacher of Electrical Engineering, 
Washington University, St. Louis, 
Mo. 

Mechanical and Electrical Engineer, 
28 State Street, New York City ; 
residence, Giffords, Staten Island, 
N. Y. 

Electrical Engineer, General Electric 
Co., Schenectady, N. Y. 

Kittler, Dr. Erasmus Professor at the Technical Pligh School, 

Darmstadt, Germany. 

Klauder, Rudolph H. Electrical Engineer, The Electric 

Storage Battery Co., Philadelphia, 
Pa. 


May 1, 18S8 


King, Vincent C., Jr. 


Kinsley, Carl 


Kirkegaard, Georg 


Sept. 25, 1895 


Aug. 5, 1896 


May 18, 1897 


Kirkland, John W. 


Klinck, J. Henry 
Knox, Frank H. 
Knox, Geo. W. 

Knox, James Mason 

Kreidler, W. A. 


Dept. Electrical Engineering, Lehigh 
University, South Bethlehem, Pa. 

Charleston City Railway Co., 5S Broad 
St., Charleston, S. C. 

Electrical Engineer, Chicago City Rail¬ 
way Co., 2020 State St., Chicago, 
Ill. r 

Student in Electrical Engineering, 
Columbia University, School of 
Mines; residence, 32 West 129th St., 
New York City. 

Editor and Publisher, Western Elec¬ 
trician, 510 Marquette Building, 
Chicago, Ill. 


Sept. 20, 1893 
Mar. 21, 1894 

Dec. 16, 1896 

Aug. 13, 1897 
Jan, 16, 1895 
June 20, 1894 

Nov. 18, 1896 


Labouisse, John Peter M. E. 40 Park St., Lynn, Mass. 

(18) 


Jan. 17, 1804 

Oct. 4, 1887 
Aug. 5, 1896 
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Name. 

Lamb, Richard 


Address. 

Chief Engineer, in charge business of 
the Lamb Electrical Cableways, The 
Trenton Iron Co., No. i Broadway, 
New York City. 

The Hamilton, E. Genesee Street, 
Syracuse, N. Y. 

Manager and Superintendent Con¬ 
struction, Nebraska Telephone Co., 
Omaha, Neb. 

Lanphear, Burton S. Instructor in Electrical Engineering, 

Maine State College, Orono, Me. 


Land, Frank 
Lane, VancI 


Lanman, William H, 


Board of Patent Control, 120 Broad¬ 
way, New York City. 

Lardner, Henry Ackley Borough of Manhattan Electric 

Co., 33 Gold St., New York City. 

Earned, Sherwood J. Electrical Engineer Chicago Tele¬ 
phone Co., 203 Washington St., 

Chicago, Ill. 

Larrabee, Rollin N. Western Electric Co., 242 Jefferson St., 

Chicago, Ill. 

Latham Harry Milton In Engineering Department Amen- 

can Bell Telephone Co., 42 Earns 
worth St., South Boston, Mass. 


LeBlanc, Charles 


LeClear, Gifford, 


Ingenieur en Chef, de la Compagine 
Generale de Traction, 24 Boulevard 
des Capucines, Paris, France. 

Electrical and Mechanical Engineer, 
Partner Densmore & Le Clear, 7 
Exchange Place. Boston, Mass, j 
residence, Cambridge, Mass. 

LeConte, Joseph Nisbet Instructor in Electrical Engineering, 
L ’ J State University, Berkeley, Cal. 

Ledoux, A. R., M. S., Ph.D., 9 Cliff St., New York City.. 

Chemist and Electrician, American 
Bell Telephone Co., Mountfort St., 
JLongwood, Brookline, Mass. 

Hon. Sec’y for New Zealand for the 
Institution of Electrical Engineers, 
Palmerston, North, New Zealand. 


Date of Election. 

Dec. 18, 1S95 
Sept. 22, 1891 

Dec. 19, 1894 
Jan. 16, 1895 
June 6, 1893 
Dec. 19, 1894 

Oct. 17, 1894 
• Mar. 20, 1895 

Dec. 16, 1896 

April 17, 1895 


Lee, John C. 

Lemon, Charles, 

Lenz, Karl 
Lenz, Charles Otto 
Le Pontois, Leon. 
Levy, Arthur B. 


Draughtsman, Brooklyn Union Gas 
Co., 97 2nd Ave., New \ork City. 

Electrical Engineer, 150, Camp Street, 
Providence, R* L 

Electrical Engineer, The Westinghouse 
Elec, and Mfg. Co., Pittsburg, Pa. 

Assistant Engineer, Arc Light Dept., 
General Electric Co., Sio Lexington 
Ave., New York City. 

Lewis, Henry Frederick ^^^su^ey! E^gtand"” 
Libby, Samuel Byington Supt lT° C °” 

(21) 


Oct. 27, 1897 

Feb. 27, 1895 
Dec. 7> 1886 


Mar. 18, 1890 

Jan. 22, 1896 
May 19, * 8 9 6 
Mar. 15, * 8 9 2 
Dec. 18, 1895 

Jan. 20, 1891 
Mar. 5 > i g8 9 
Feb. 23, 1898 
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ASSOCIATE MEMBERS 


Name. 

Lilley, L. G. 


Lincoln, Paul Rl. 
Lindner, ChXs. T. 

Lindsay, Wm. E. 
Little, C. W. G. 


Lorimer, Geo. Wm. 


Address. 

Electrical Inspector. Underwriters' 
Association of Cincinnati, S. W Cor 
3 d and Walnut Sts , Cincinnati, O.’: 
residence, Wyoming, O. 

Electrician-in-charge, Cataract Con¬ 
struction Co., Niagara Falls, N. Y. 

Martin & Lindner, Electrical Engineers, 
Luning Building, San Francisco, 
Cal., residence, Berkeley, Cal. 

Chief Engineer and Master Mechanic 
for Swift & Co., South Omaha, Neb. 

Engineer, British Thomson-Houston 
83 Cannon Street, London, 

Loewenherz, Herman Electrical and Mechanical Engineer 

1376 Lexington Ave., New- York 
City, 

Superintendent of Construction, The 
Callender Telephone Exchange Co., 

1 roy, O. ’ 

Lorimer, James Hoyt Electrical Engineer. The Callender 

f elephone Exchange Co., Troy, O. 

Manager of New York Branch, Queen 

tAA. I l C / : I ' e r s ' den oe, 340 East 
119th St., New Aork City. 

Assistant in Electrical Engineering, 

g° T b ? University ; residence, 

2—East 49th St., New York, N. Y. 

Ed i t ? r / and Proprietor, Journal of 

ft? U r y C 22 Cla > r St - San Fran- 

Cisco, Cal. 

Electrical Engineer, Member of Firm 

RlH Bul w Ck Ele , ctric Co -> St. Paul 
Bldg., New York City. 

With Western Electric Co., 57 Bethune 
ot., New \ ork City. 

Electrical Engineer, Interior Conduit 
and Insulation Co., 527 W. 34th St., 

New York; residence, 47 Brevoort 
FI., Brooklyn, N. Y. 

Luquer, Thatcher, T. P New VnrU t, 

’ iNew York Telephone Co., 18 

Cordandt St., residence, Bedford, 


Louis, Otto T. 

Lovejoy, D. R. 

Low, George P. 

Lozier, Robert T. E. 

Ludlam, Harry W. 
Lundell, Robert 


Date of Election. 

June 20, 1894 
Sept. 25, 1895 

Lee. 20, 1893 
April 17, 1895 

April 22, 1896 

Feb. 27, 1895 

Aug. 5, 1896 
Aug. 5, 1896 

Eeb. 23, 1898 

April 28, 1897 

Jan. 17, 1893 

May 20, 1890 
Dec. 18, 1895 

Eeb. 7, 1890 


839 Union Street, Schenectady, N. Y. 


Lyman, Chester Wolcott , M . A Manager Herkimer Paper 

Co., Herkimer, N. Y. r * 

Lyman, James 

[Life Member.] 

Maccoun, Ellicott Supt. of the Electrical Dep’t., The 
„ Carnegie Steel Co., Braddock, Pa. 

MacCulloch, Robert C. Manage* Jos. Lough Electric Co., 

■ IL 3 t ** W - 

MacEadden, Carl K. Electrical Engineer, Gas Engine Dep’t 


June 26, 1S91 

Sept, j.9, 1894 
Sept. 19, 1894 

Nov. 20, 1895 


Eeb. 27, 1895 


(20) 


Sept. 27, 1892 
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Name, Address. 

MacGregor, Willard H. With Ward Leonard Electric Co., 

Hoboken, N. J.; residence, 359 W\ 
27th St., New York City. 

30 Broad St., New York City; resi¬ 
dence, Englewood, N. J. 

Electrical Engineer, General Electric 
Co.; residence. 225 Union St., 
Schenectady, N. Y. 

Superintendent and Engineer, Ken¬ 
tucky and Indiana Bridge Co., 29th 
and High Sts., Louisville Ky.; resi¬ 
dence, New Albany, Ind. 

MacMullan, Robert Heath, Lafayette, Ind. 


Madden, Oscar E. 

[Address unknown.] 

Magee, Louis J. 

Electrical Engineer, Director, der 
Union Elektricitats Gesellschaft, 
Corneliusstr r., Berlin, W. Germany. 

Maki, Heiichir 

Chief Engineer, Kioto Traction C-o., 
Suyemarucho Dotemachi Maruta- 
machisagarn, Kioto, Japan. 

Malia, James P. 

Electrician, Armour & Co., 5316 
Union Ave., Chicago, Ill. 

Mann, Francis P. 

[Address unknown.] 

Manson, Jas. W. 

[Address unknown.] 

Martin, Frank 

Electrical Engineer, c/o Appert Glass 
Co., Port Alleghany, Pa. 

Martin, James A. 

[Address Unknown.] 

MARTIN, T. Commerford {Past-President.) Editor, The Elec¬ 
trical Engineer, 120 Liberty Street, 
New York City. 

Mason, James H. 

Electrical Expert, 10 Fifth Ave., 
Brooklyn, N. Y. 


Mackie, C. P. 
Mackintosh, Fred’k. 

MacLeod, George 


Mather, Eugene Holmes Central Railway and Electric 

Company, New Britain, Conn. 

i 

Matthews, Charles P. Associate Professor, Electrical En¬ 
gineering, Purdue University, Lafa¬ 
yette, Ind. 

Maxwell, Eugene 225 N. Wasatch St., Colorado Springs, 

Col. 


Mauro, Philip Counsellor at-Law in Patent Causes 

(Pollock & Mauro), 620 F. St., 
Washington, D. C. 

Mayer, Maxwell M. Mfr. of Plating Dynamos, 2d Ave. and 

121st St.; residence 433 East 116th 
St., New York City. 

Mayrhofer. Jos. Carl Electrical Engineer, 165 W. 82d St., 

New York City. 


(21) 


657 

Date of Election. 

Jan. 20, 1897 
Mar. 21, 1893 

Mar. 25, 1896 

Aug. 5, 1896 
Sept. 22, 1891 
April 15, 1884 

April 2, 1889 

Aug. 5, 1896 

June 20, 1894 
June 6, 1893 

Mar. 25, 1896 

Oct. 21, 1890 
May 19, 1896 

April 15, 1884 
May 19, 1891 

April 28, 1897 

May' 16, 1893 
Aug. 5, 1896 

Dec. 21, 1892 

Feb. 27, 1893 
June 20, 1894 
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ASSOCIATE MEMBERS 


Name. 

McBride, James 
McCarthy, E. D. 


Address. 

Superintendent, N. Y. & Boston Dye 
Wood Co., 146 Kent St., Brooklyn, 
N. Y. 

Electrical Engineer, The F. P. Little 
Electric Construction and Supply 
Co., 135 Seneca St.; residence, 451 
14th Street, Buffalo, N. Y. 

District Inspector, So. Bell Tel. and 
Tel. Co., Richmond, Va. 

Manager, Electrical Dept., Plainfield 
Gas and Electric Light Co., 207 
Madison Ave., Plainfield, N. J. 

Mechanical Supt., The Consolidated 
Car Heating Co., 131 Lake Ave., 
Albany, N. Y. 

Consulting Engineer, 140 South Main 
St., Salt Lake City, Utah. 

McKibbin, George N. Reed & iMcKibbin, General Street 

Railway Contractors, 30 Broad St. 
New York City. 

Professor of Electrical Engineering 
The A. & M. College of Ala!, 
Auburn, Ala. 

Consulting Electrical Engineer. 306 
Oriel Bldg , St. Louis, Mo. 

Meadows, Harold Gregory Associate Engineer (Elec.) with 

Newcomb Carlton, 109 White Build¬ 
ing ; residence, 114 West Chippewa 
St., Buffalo, N. Y. 


McCluer, Chas. P. 
McClurg, W. A. 

McElroy, James F. 

McKay, C. R. 


McKissick, A. F. 


McRae, Austin Lee 


Date of Election. 
Sept. 27, 1892 

Nov. iS, 1896 
Apr. 22, 1896 

Dec. 20, £893 

Nov. 15, 1892 
Dec. 20, 1S93 

June S, 18S7 

Feb. 16, 1892 
May 17, 1892 


Medina, Frank P. 

Meredith, Wynn 
Merrill, E. A. 

Merrill, Josiah L. 
Merritt, Ernest 

Merz, Chas. H. 


Electrician, Pacific Postal Telegraph 

0 °-> 534 Market St., San Francisco, 
Cal. 

Electrical Engineer, Hasson & Hunt, 
310 Pine St., San Francisco, Cal. 

Electrical Engineer, Macintosh and 
Seymour, 26 Cortlandt St., New 
1 ork City. 

Electrical Engineer, St. Johnsbury, Vt. 

Assistant Professor in Physics, Cornell 
University, Ithaca, N. Y. 

British Thomson-Houston Ltd. 38 
Parliament St., London, S.W.;’’resi¬ 
dence, The Quarries, Newcastle-on- 
Tyne, England. 

Consulting Engineer, 55 Broadwav 
New York City. ro ^way, 

Middlemiss, P. R., m . E. Electrical Engineer, General Electric 

Co., Box 588, Schenectady, N Y 

Mii.le r , Wm. C„ at. 5 . Electrical Engineer, 3 South Hawk 

St., Albany, N. Y, 

Miner, Willard M. Electrician and Inventor, 428 East 

Sixth St., Plainfield, N. T. 

(20) 


Meyer, JuliL'S 


Sept. 23, 1896 

Sept. 19, 1894 
Jan. 17, 1894 

Sept. 20, 1893. 
Sept. 25, 1895 

Sept. 16, 1890 

Sept. 25, 1895. 
Oct. 25, 1892- 
Mar. 20, 1895 
Oct. 2i, 189a 
July 12, 1887 
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Name. 


Address. 


Mitchell, Sidney Z. Manager, Oregon, Washington and 

Idaho Agency, General Electric Co., 
Fleischner Building, Portland, Ore. 

Mole, Harvey Edward Ass’t in Engineering Dept. J. G 

White & Co., 29 Broadway ; resi¬ 
dence, 320 West 58th St., New 
York City. 


Moore, Wm. E, 
Monell, Joseph T. 
Montague, Ralph L. 
Mora, Mariano Luis 
Mordey, Wm. Morris 


General Superintendent, The Augusta 
Railway & Electric Co., Augusta, Ga. 

Consulting Electrical Engineer, 236 
W 22d St., New York City. 

Chief of Electrical Department, The 
Gold Dredging Co., Bannack, Mont. 

General Electric Co., 44 Broad St., 
New York City. 

Electrician, Brush Electrical Engineer¬ 
ing Co., Princes Mansions, Victoria 
St., Westminster, London, Eng. 


Date of Election, 
Nov. 12, 1889 

Nov. 30, 1897 

Jan. 22, 1896 
Oct. 27, 1891 
Feb. 26, 1896 
Mar. 20, 1895 

Sept. 22, 1891 


Morgan, Chas. H. 


Southern Bell Telephone and Telegraph 

Co., Richmond, Va. Aug. 


5, 1896 


Morgan, Jacque L. 
Morepiouse, PI. H. 

Morley, Edgar L. 

Morrison, J. P'rank 
Morse, George H. 

Morss, Everett 


Electrical Inspector, Karsas City Fire 
Dep’t.; residence, 1702 Locust St., 
• Kansas City, Mo. 

Morehouse and Morrell, General 
Electric Installation and Contract¬ 
ing Work, Apartado, No 44, Quez- 
altenango, Guatemala, C. A. 

Sup’t Hatzel & Buehler, 114 5th Ave., 
New York City. 

15 South St., Baltimore, Md. 

Wagner Electric Mfg. Co. St. Louis, 
Mo. 

Vice-President, Simplex Electric Co., 
303 Marlboro St., Boston, Mass. 


Jan. 26, 1898 

* 

Feb. 21, 1894 

Sept. 25, 1895 
April 15, 1884 

May 15, 1894 

Sept. 22, 1891 


Mortland, James A. Prof, of Physics, Faculty State Normal 

School, 2502 Walnut St., Cedar 
Falls, Iowa. 

Morton, PIenry, Ph.D . President of Stevens Institute of Tech- 

nology, Hoboken, N. J. 

Moses, Dr. Otto A. Electrician, 1037 Fifth Ave., [New 

York City. 

Moses, Percival Robert, E. E. Electrical Engineer, and Con¬ 
tractor, 35 Nassau St.: residence, 
46 West 97th St., New York City. 

Mosman, Chas. T. Power and Mining Engineering Dep’t., 

General Electric Co.; residence, 406 
Union St., Schenectady, N. Y. 

Mosscrop, Wm.A., M.E Electrical Engineer, 189 Montague 

St., Brooklyn, N. Y. 

Cedar Falls, Iowa. 

Secretary and Treasurer, Electrical In¬ 
stallation Co., 917 Monadnock Build¬ 
ing, Chicago, Ill. 

Sup’t. of Interior Wiring Department, 
Larchmont Electric Co., Larchmont, 
N. Y. 


Munns, Chas. K. 
Myers, L. E. 

Neilson, John 


Feb. 23, 1S9S 
May 24, 1887 
May 17, 1887 

Dec. 19, 1894 

Mar. 20, 1895 

May 7, 1889 
Nov. 21, 1894 

Sept. 19, 1894 
May 18, 1897 


(23) 
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ASSOCIATE MEMBERS 


Name. Address. 

Newbury, F. J. Manager Insulated Wire Department, 

John A. Roebling’s Sons Co., 
Trenton, N. J. 

Nicholson, Walter W. General Supt. Central N. Y. Tele 

phone and Telegraph Co., Tele¬ 
phone Building, Syracuse, N. Y. 

Assistant Electrician, B. Altman & 
Co.; residence, 175 3rd Ave. New 
York. 

Chief Engineer, in charge of Steam and 
Electric Plant Westinghouse Elect, 
and Mfg. Co., Pittsburg, Pa. 

With Card Electric Motor and Dynamo 
Co., 622-3 Western Union Building, 
Chicago, Ill. 

Contracting Electrical Engineer, 504 
Townsend St., Syracuse, N. Y. 

Nunn, Richard J., M.D . Physician, 119^ York St., Savannah, 

Ga. 

Nyhan, J. T. Superintendent and Electrician, Macon 

and Indian Spring Electric Railway, 
Macon, Ga. 

Ocxershausen, H. A. Electrical Engineer, 65 Madison Ave., 

Jersey City, N. J. 


Nimis, Albert A. 
Nock, Geo. W. 
Norton, Elbert F. 
Noxon, C. Per Lee 


Date of Election. 
Sept. 23, 1896 

May 15, 1894 

Aug. 13, 1S97 

Aug. 5, 1896 

Dec. 20, 1893 
Oct. 17, 1894 
July 12, 18S7 

Feb. 27, 1895 
Sept. 6, 1887 


Olan, Theodor, J. W. Civil and Electrical Engineer, 68 We: 

49th St., New York City. 

Olivetti, Camillo Ingegnere Industrial, Ivrea, Italy. 

Grmsbee, Alex. F. Electrical Engineer; residence, 18 

Joralemon St., Brooklyn, N. Y. 

Osborne, Loyall Allen Assistant to 2nd Vice-President Wesl 

inghouse Electric and Mfg. Co. 
Pittsburg, Pa. * 

Osterberg, Max, E.E.,\A . M '. Consulting Engineer, and Elec 

trical Expert, Bowling Green Build 
ing, New York City. 


O’Sullivan, M. J. 

Otten, Dr. Jan D. 

Page, A. D. 
Parcelle, Albert L. 
Parker, Herschel C. 


Superintendent, Electric Light, B. & C 
\ R 'o°" Feen Street, Zane* 

Director, Batavia Electrische Tran 
Maatschappij, Van Baerlstraat 80 
Amsterdam, Holland. 

Assistant Manager, General Electri 
Co. Lamp Works, Harrison, N. J. 

Electrician and Inventor, 1C7 Wash 
ington St., Boston, Mass. 

Tutor in Physics, Columbia Universitv 
2r Fort Green PL, Brooklyn, N. Y. 

Parmlv C. Howard, S.M.,E.E. College of the City of Ne« 

ork, !7 Lexington Ave.; residence. 
344 W. 29th St., New York City. 
(20) 


May 16, 1893 
Oct. 17, 1894 

June 27, 1895 

Oct. 18, 1893 

Jan. 17, 1894 

Mar. 20, 1895 

Nov. 18,1890 
Jan. 19, 1892 

Dec. 16, 1891 
April 19, 1892 

Feb. 21, 1893 



ASS'" ’LITE MR MU EUR 


001 



\ ,*!! 1 

\tuttc •> 

J)at<* of Election. 

r\KKV, 

K V AN 

r.n^’ im-ri, i he lUitish Thomson-II otm- 
t> ill 1 ui,, SumihuMialc. Fitzgerald 
\w., 11,i!1 .untilm, Knj;. 

Sept. 25, 1S95 

1'AK-il ! ! 

, II. Ni I V , I 

i . \\ S . Si., Sew York Tity. 

Nov. 12, 1889 

l'U 1' ‘S 

. rt * ; 1. 

hhcfi’c.'. I'.ati.n. I ?» 1 .. iu2i» Filbert St.; 
ici'lrnit'. 1 in* Part rum, 33d and 
<T» "Mtii? St., Philadelphia, Pa. 

Mar. 20, 1895 

I'D K, I 

*i»\\ \i;|i i . 

1 1 oi! .usit Mreet, New York City; 

H" oli'ii. e, 82.', I’aik I'lucc, llrooklvn, 
\. \ . 

May 20, 1S90 

I 1 ! rlvtt \M, W 1 '. 

1 ‘i.iJ. 11! I'lnsii",. Ailelphi College. 

I.Moi.lv 11 ; tesulenee. ,|o6 Classon 
Vo , llrooklvn. N. V. 

Nov. 30, i8<)7 


pi,,, i:'.j- n, | imm Mi i- M u ! IV. V Klectiieal Knuineer, 

t ,t.t m Iff Vv heeler Klertriv Co., 39 
i mil.unit M.. tr.i.lemv, 311 Wash¬ 
ington Now York City. Sept. Su, 1803 

I., ,,,, , \( ; tsI i W, K. -.nmier .uni lurk C.,, 1,1 Minin},; On., 

jnl: mm .|>uip„ S. A. K. June 27, 1895 

I>i.»,I iv 1 1 I ii'ii'ii.il K unmeet ami Contractor, 

. -;-;t I'nirpi 11 We,, I'.iiltaiu. N. V. Oct. 21,1890 

I.*. , v Wii'ii M. kntn j!i ti'iuifiit 1 ' nr Alai in Teloj.;raph, 

!:nthriI..nl, \. I. May 1(1,1893 


Pi PM'. I'M H 11 !' 

W on \\. tein Cni.m Telty.r.iph Co., 
0, lho.elu.iv. New \ **1 k titty. 

Apiil iS, 1893 

I'm 1 1 , Wm. 1 . 

lveetue.il Kie/.iueei 1 anil Contractor. 
Moiuiliioik l!iili;.. Cliie.ip.o; resi- 
> Irm e Kiinuooii, lil 

Mar. 25, iSyfi 

run rim 1., n. w 

1 t ei 11 i, i.tu, in 1 li ope of Kleetrieal 
p;.,iu. Hon. l.ui 1 ', Morton, Khine- 
1 iitt. N, \ , 

May 15, 1894 

I'nu ui Kn.i -.1 1 . 

I'leMiJent. A'nein.in Kin tvieal Works, 
i'litjiiji'ii.ile, U. 1, 

July 13, 1889 

I'ltll.t IV . 1 V" V 

Mipeiinten.leiit, 1 ’ ht‘>hi«K Kleetrie. 
l.ijiltt ..ml Power Co , So Lawrence 

, I lie.liiup. N. V. 

Mar. 21, 1894 

Kill IIHI:, ll 1 t ■'!- Wit 

I,MM M..tiler 1 'lent lie MIr. Co., 1’itts- 
tielil, Mans. 

Nov. 20, 1893 

I’ll i ui 1 •>, 1 11 v K. 

i uv Kle, ui. al Inspector, City Hall; 
n snlem e. non Hawthorne Ave., 
Mititie.ipolis, Minn. 

Aujf. 13, 1897 


I't.NKt t: ms, A sum v. 
l‘t 1 mt% < 'll w 11 1 

l’l Hit,I , Ci f tl. 1'. 


I I., til,,(! I m; inert', *1 lie Apollo Iron 
.itt'l steel i o,, Apollo, Ka. 

i'nijii lefur anil Klei tiician, The Chas. 
I'lnmlt Kle, Hie il Works, 70 West 
swan S C. Ihitfalo, N. V. 

: - \01 Street; resiilcnctt, 20(1 W. 80th 
sj , New York City. 


I'Ol'Ii, K VI I'll W H'.V, (■ 11.tl 1 


s, iietutv to the Wncfieau Institute 
u| ! In trn al iMifjiiieers, ah t.'orllan.lt 
St.. (Telephone, 2199 < orllamlt), 

New Yolk 1 its-; residence, 57 <> 
<'Jjeitv si., KJi/uU'th, N. J. 


Sept. 

June 

Jrm. 


25 . I «95 

20, 1&94 
3, 1888 


June 2, 1885 
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ASSOCIATE MEMBERS 


Jvame. Address. 

Porter, H. Hobart, Jr. Agent, YVestinghouse Elec, and Mfg. 

Co., 120 Broadway, New York; resi¬ 
dence, Lawrence, L. 1. 

Potter, Henry Noel [Address unknown.] 

Powell, Percy Howard Construction Dep’t. New York Tele¬ 
phone Co., 18 Cortlandt St., New 
Y^ork City ; residence, Plempstead, 

Editor the Electmcal Review , Times 
Building, New Y ? ork City; residence, 
223 Garfield Place, Brooklyn, N. Y. 

Electricial Engineer, Carbide Works, 
Niagara Falls, N, Y. 

868 Flatbush Ave., (Flatbush Station), 
Brooklyn, N. Y r . 

Electrician, Cicero Water, Gas and 
^ Electric Light Co., Oak Park, Ill. 

General Manager, Rik'er Electric Motor 
Co., Brooklyn; residence, Newtown, 
L. I., N. Y. 

Electrician, Baltimore Copper Smel¬ 
ting and Refining Co., Keyser Bldg.; 
residence. 1222 Madison Avenue 
Baltimore, Md. 

Pupin, Dr. Michael I. ( Vice-President) Adjunct Professor in 

Mechanics. Columbia University 
residence, 7 High ! and Place, Yonkers 
N. Y. 

10 N. Church St., Schenectady, N Y. 


Price, Chas. YV. 

Price, Edgar F. 

Prince, J. Lloyd 

Privat, Louis 
Proctor, Thos. L. 

Prosser, Herman A 


Date of Election. 

Mar. 25, 1S96 
Sept. 19, 1894 

Sept. 25, 1895 

Sept 19, 1894 
June 27, 1895 
Feb. 27, 1895 
Dec. 19, 1894 

April 18, 1894 

Jan. 26, 1898 


Ralston, Louis C 
Randall, John E 


Randolph, L. S. 
Rathenau, Erich 
Ray, William D. 

Read, Robert H. 
Redman, Geo. A. 

Reed, Chas. J. 
Reed, Harry D. 

Reed, Henry A. 


Reid, Edwin S. 


(21) 


Columbia Incandescent Lamp Co. 
1912 Olive St., St. Louis, Mo. 

Professor of Mechanical Engineering, 
Blacksburg, Y T a. s 

Electrical Engineer, Allg. Electrieitats 
Gesellschaft, Berlin, Germany. 

General Manager Everett Kailway and 
Electric Co., Everett, Washington. 

Patent Attorney, 44 Broad St., New' 
\ ork City. 

General Supt Electric Dept., Brush 

^ Co., and Rochester Gas 

and Elec. Co., Rochester, N. Y. 

Electrician, 3313 N. 16th St., Phila- 
delphia, Pa. 

Electrician, Bishop Gutta Percha Co 
420 East 25th St., New York City- 
residence, 88 North 9th St., New- 
ark, IN. J, 

Secretary and Manager, Bishop Gutta- 

VnYY 0 '’ 42 ? J East 25th St., New 
York City; residence, S8 North gth 
St., Newark, N. J. 

General Sup’t of Construction, National 
Underground Cable Co , i 7 Times 
Budding; residence, n6 W. nth 
St., New York City 


Mar. 18, 1890 
April 28, 1S97 


May 7, 1889 

Feb. 21, 1893 
Nov. 20, 1895 

Sept. 27, 1892 
Jan. 19, 1892 

Feb. 27, 1895 
Mar. 5, 1889 

Sept. 19, 1894 

June 4, 1889 

Feb. 26, 1896 
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Name, 

Reid, Thorburn 
Reilly, John C. 


Address. 

Consulting Electrical Engineer, 120 
Liberty St., New York City. 

General Supt., N. Y. & N. J. Tel. Co., 
16 Smith St., Brooklyn/N. Y. 


Richey, Albert S. 


' j * 

Rennard, John Clifford, A. B. E. E. Consulting and Super¬ 
vising Electrical Engineer, 15 Dey 
St., New York City. Jj 

Requier, A. Marcel Electrical Engineer, Westinghouse 

Electric Co., (LVd.) 32 Victoria St., 
London, S. W. Eng. E 

Rhodes, S. Arthur Electrician, Chief Testing Department, 

Chicago Telephone Co , Chicago, 

Ill.; residence, 429 North Pine Ave., 
Austin, Ill. C 

Rice Arthur L. Professor of Steam and Electrical En¬ 

gineering, Pratt Institute, Brooklyn, 

N. Y. C 

Rich. Francis Arthur Consulting Mining and Electrical 

Engineer, 314 Victoria Arcade, 
Auckland, New Zealand. J 

Richards, Chas. W. C. W. Richards & Co ,64 Federal St, ^ 

Boston ; residence, Needham, Mass. 

Richardson, Robert E. Electrical Engineer, Pierce & Richard¬ 
son, 1409 Manhattan Building; resi¬ 
dence, 3622 Calumet Ave , Chicago, 
Ill. 

Richey, Albert S. Electrician, Citizens Street R^lway 

Co., 403 W. Adams Street, Muncie, 

Ind. 

Ricker, Charles W. Expert Electrical Engineer 184 Cleve- 

land Ave., Buffalo, N. i . 

R ID eout, Alexander C. 

St., Chicago, Ill. 

Ridlfy A E Brooke Agent, Electrical Engineer, Siemens & 
IviDLFA, a. r,. nK ft Halske Electric Co., io Front St., 

San Francisco, Cal. 

Ripley, Wm. Howe 605 Lexington Avenue, New \ork 

City. 

Rittenhouse, Chas. T. 247 W. 138* St, New York City. 
Roberson , Oliver R. Electrician, Western UTelegrap^ 

New York City. 

Robinson. Autos ^frin^We^R^d.^ 1 OB« 

943, Lewiston, Me. 

ROBINSON, DWIGHT PARKER c ^^l^ th BaltimlTMT 2 
ROBINSON, FRANCIS G. 

N. Y. 

( 19 ) 


Date of Election. 
Oct. 21, 1S90 

April 15, 1SS4 


Jan. 16, 1S95 


Dec. 20, 1893 


Ripley, Wm. Howe 


Oct. 17, 1894 


Oct. 21, 1896 


Jan. 20, 1897 
Sept. 23, 1S96 


Sept. 19, 1894 

May iS. 1897 
May 15, 1S94 

Aug. 5, 1896 

Nov. 21, 1S94 

Feb. 17, 1897 
Feb. 21, 1S94 

Dec. 20, 1893 

Sept. 6, 1SS7 
Sept. 25, 1S95 

* 

* 

Nov. 21. 1S94 



604 


ASSOCIATE MEMBERS 


Name. Address. 

Rodman, Samuel, Jr. (Late ist Lieut., 2nd U. S. Artillery), 

Electrician and Expert in High Ex¬ 
plosives. Room 106, Pullman, Bldg., 
Chicago, III. 

Roebling, Ferdinand W. Manufacturer of Electrical Wires 

and Cables, Trenton, N. J. 

Roller, Frank W. M.E. Electrical Engineer, Machado & Roller, 

Electrical Machinery, 203 Broadway, 
N. Y.; residence, Cranford, N. J. 

Roper, Denney \V. Edison Illuminating Co. of St. Louis, 

Mo., Alton, Ill. 

Rosa. Edward B. Professor of Physics. Wesleyan Uni- 

versity, Middletown, Conn. 

Rosebrugh, Thomas Reeve Lecturer in Electrical Engineering, 

School of Practical Science, Toronto, 
Ont. 

Rosenbaum, Wm. A. Electrical Expert and Patent Solicitor, 

177 Times Building, New York 
City. 

Rosenberg, E. M., M. E. Residence, 138 W. 85th St., New York 

City. 


Date of Election* 

Sept. 16, 1890- 
June 8, 1887- 

May 21, 1895. 
June 6, 1893. 

Feb. 17, 1897 

June 26, 1891 

Jan. 3, 1889 
Oct. 21, 1890- 


Ross, Taylor William Second Assistant Engineer, U. S. 

Revenue Cutter Service, Revenue 
Cutter “Perry,” Astoria, Or. 

Rowland, Arthur John Professor of Electrical Engineering, 

Drexel Institute; residence, 3220 
Spencer Terrace, Philadelphia, Pa. 

Rowland, Henry A. Professor of Physics, Johns Hopkins 

University, Baltimore, Md. 


Royce, Fred W. 


Electrician and Patent Solicitor, 1423 
New \ork Ave., Washington, 


Rushmore, David B. 
Rutherford, Walter 


Sackett, Ward M. 


Sage, Henry Judson 


Foreman, Testing DepV Royal Elec¬ 
tric Co., Montreal, P. Q. 

Manager Electric Traction Dep’t, Dick 
Kerr & Co., Ltd., London E. C., 
England. 


Assistant Chief Draughtsman, Chicago 
Telephone Co., residence 3730 
Ellis Ave., Chicago, Hi. 

Sage & Co., Electrical Engineers, 
Rochester, Pa. 


Sahulka, Dr. Johann 

Sanborn, Francis N. 
Sanderson, Edwin N. 

Sargent, Howard R. 

(20) 


Docent of Electrotechnics, Technische 
riochschule, Vienna, Austria. 


Torrington, Conn. 

Of Sanderson 6 c Porter, Engineers and 
Contractors, 120 Broadway, New 
j* orK vity * 


Electrical Engineer, General Electric 
Co.; residence, 242 Union* Street 
Schenectady, N. Y, ’ 


Mar. 25, 1896- 

Sept. 19, 1894. 
Mar. 21, 1894 

April 15, 1884. 
Sept. 25, 1895, 

Sept. 22, 1891 

Oct. 17, 1894. 
Dec. 20, 1893 

Dec. 20, 1893, 
Nov. 24, 1891 

Oct. 17, 1894 

Mar. 25,1896- 
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Name. 

berg, Carl Hugo 

Fred. W. 
y, Frederick 

j k, Albert 

ser, Fred. G. 

-leu, Heinr. C . E . 
, Chas. Ii. 

b, Martin C. 

.be, Walter P. 

jre, Frank L. 

, James B. 

, Wl. RI¬ 
NG, Lewis 

,es, A. L. 

/Vick, C. E 

A.. B. 

>r,J. A. • 
iinger, Harry M. 
ell, Lemuel Wm. 

a, A. A 
'FNER, S. C. 

.N, Charles D. 
lp, Clayton H. 

3 ) 


Address. Date of Election. 

Chief Engineer, The Midvale Steel 

Co., Nicetown, Phila., Pa.; residence 

1752 N. 26th St., Philadelphia, Pa. Aug. 5 > i8 9 6 
68 Mount Vernon St M Fitchburg, Mass. June 27,1895 


Electrical Engineer, 288 Summer Ave., 
Newark, N. J. 

Manager for George Cutter, 851 The 
Rookery, Chicago, Ill. 
Superintendent of Electric Dept , La¬ 
clede Gas Light Co., 4 11 N- 
St. Louis, Mo. 


June 5, i88g 
June 20, 1894 

Sept. 22, 1891 


Counsellor and Attorney, 20 Nassau 
St, New York City. 

Electrical Engineer, Ideal Electric 
Corp., 216 Third Ave., New York 
City. 

1729 Madison Ave., Baltimore, Md. 
Electrician, Rutherford, Boiling 
Springs and Carlstadt Electric Co., 
Carlstadt, N. J. 


Jan. 

Feb, 

Nov. 

May 


17. 1893 

23, 189S 
IS, 1896 

19, 1896 


With N. Y. C. & II. R. R- R- Co., 

office of A. F. A.; residence, 2059 
Anthony Ave., New York City.' 
Electrical and Mechanical Engineer, 
227 East German St., Baltimore Md. 


Dec. 18, 1895 
Aug. 5 . 1896 


ilectrical Engineer. The Cutter Elec¬ 
trical and Mfg. Co., 1112 Sansom 
St., Philadelphia, Pa.; residence, 
108 West Johnson St , German- 
town, Pa. 

Consulting, Mechanical, and Electrical 
Engineer, Denver Engineering 
Works, Denver, Col. 

Sngineering Dept., Fort Wayne Elec¬ 
tric Corporation, Fort Wayne, Ind. 

Agent at San Francisco Office, General 
Electric Co , 15 First St.; residence, 
Berkeley, Cal. 

A. B. See Manufacturing Co., 116 
Front St.; residence, 107 East igth 
St , (Flatbush), Brooklyn, N. Y. 

Electrical Engineer and Contractor, 
121 Liberty St., New York City. 

Consulting and Constructing Engineer, 
6 Northampton St.,Wilkes-Barre, Pa. 

Mechanical and Electrical Engineer, 
99 Cedar St., New Y r ork City; resi¬ 
dence, Plainfield, N. J. 

With Fort Wayne Electric Corpora¬ 
tion, 17 Federal St., Boston, Mass. 

Supt and Electrician. Electric Light¬ 
ing Co. of Mobile, Box, 234. 
Mobile, Ala. 


136 Liberty St., New York City. 

Instructor, Department of Physics, 
Cornell University, 122 University 
Ave., Ithaca, N, Y r . 


June 23, 1897 

April 3 , t888 
April 18, 1894 

Feb. 23, 1S9S 

Jan. 17, 1893 
April 15, 1884 
Sept. 20, 1893 

Nov. 1, 1887 
Dec. 20, 1893 

Aug. 13, i 897 
June 7, 1892 

May 15,1894 
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ASSOCIATE MEMBERS 


Name. Address. 

Sharpe, E. C. Consulting- Electrical Engineer, 524 S. 

Broadway, Los Angeles, Cal. 

Shaw, Howard Burton Assistant Professor Electrical Engi¬ 
neering, Missouri State University, 
Columbia, Mo. 

Shedd, John C. 531 State St., Madison, Wise. 

Sheehy, Robert J. President, Sheehy Automatic Railroad 

Signal Co., 122 Pearl St., Boston, 
Mass. 


Shields. W. J. 

Shock, Thos. A. W. 
Shonnard, Harold W. 


Consulting Engineer, New Wilming¬ 
ton, Pa. 

Gen’l Sup’t Portland General Electric 
Co., Portland, Or. 

[Address unknown, | 


Date of K1 

codon. 

Eel). 

26, 

I 896 

April 

28, 

1897 

I >ec. 

19 . 

1894 

April 

21, 

1891 

Sept. 


1894 

Mar. 

20, 

1895 

Oct. 

23. 

i«ys 


Simpson, Alexander B. Estimating Engineer, Western Elec¬ 
tric Co., N. V. City ; residence, 164 
7th Avc., Whilestonc, L. I. 


Sise, Charles F. President, Bell Telephone Co., of 

Canada, P. O. Box 19rS, Montreal, 
Canada. 


Skirrow, John F. Ass’t Manager, Postal Telegraph Cable 

Co., New York City; residence. 183 
N. 19th St , East Orange, N. J. 

Slade, Arthur J., Fh.D. Engineer, with George Hill, 44 

Broadway; residence, 02 East Ofith 
St., New York City. 


Slater, Frederick R. 


Designing Department, Otis Bios. & 
Co., 153 Warburton Avc., Yonkers 
N. Y. 


Smith, Charles Henry, 
Smith, Frank E. 


Smith, Frederick FI. 


Jr. Box 2, Atlanta, Ga. 

Chief Electrician, Edison Light and 
Power Co., 229 Stevenson St., San 
Francisco, Cal. 

Civil Engineer, 216 Equitable Bldg., 
Baltimore. Md. 


Smith, Harold Babbitt 


Smith, J. Brodie 


Professor of Electrical Engineering, 
Worcester Polytechnic I institute; 
residence, Trowbridge Road, Wor¬ 
cester, Mass. „ 

Supt. and Electrician. Manchester 
Electric Light Co., 142 Merrimack 
St., Manchester, N. II. 


Smith, J. Elliot 

1 

Smith, Oberlin 
Smith, T. Jarrard 
Speed, Buckner 

(31) 


Superintendent Fire Alarm Telegraph, 
122 W. 73d St., New York City. 

President and Mechanical Engineer, 
F'erracute Machine Co., Lochwotd, 
Bridgeton, N. J. 

Manufacturers and Inventors’ Electric 
Co., 96 Fulton St., New York City* 
residence, Roselle, N. J. 

Assistant Eiectrical Engineer, Louis¬ 
ville Electric Light Co., 1^21 uth 
Street, Louisville, Ky. 4 


May 21, 1891 

June 8, 1887 
Sept. 25, 1895 

Sept. 19, 1894 

Oct. 17, 1894 
Jan. 17, 1894 

Sept 19, 1894 
Nov. 12, 1889 

Nov. 24, 1891 

Mar, 21, 1894 
April 15, 1884 

May 19, 1891 

April 19, 1892 

Apr. 22, 1896 



associate members 


Name. 

Spencer, Paul 


Spencer, Theodore 


Address. 

GenT Sup’t, People’s Light and Power 
Co., Newark, N. J.; residence, 
Montclair, N. J. 

With Bell Telephone Co., 406 Market 
St., Philadelphia, Pa. 


Sprout, Sidney S. Electrical Engineer, 32S Montgomery 

St., San Francisco, Cal. 

Squier, George O., Ph.D. 1st Lieut., 3d Artillery, Fortress 

Monroe, Va. 


Stadelman, Wm. A. 

Stahl, Th. 

Stakes, D. Franklin 


Stanley, William 
Stanton, Chas. H. 


Stevens, J. Franklin 


Agent, Elwell-Parker Co., 26 Cortlandt 
tSt., New York City. 

Creusot Works, Creusot, France. 

Electrical Expert and Salesman, The 
Fort Wayne Electric Corporation, 
101 The Bourse, Philadelphia, Pa. 

Electrician, Pittsfield, Mass. 

With C. H. & H. Stanton Electrical 
Contractors, 1517 Walnut St.; resi¬ 
dence, 134 S. 3d St., Philadelphia, Pa. 

Manager, Keystone Electrical Instru¬ 
ment Co., Qth St. and Montgomery 
Ave.; residence, 1419 Walnut St., 
Philadelphia, Pa. 


Stewart, Robert Stuart Supt. of Lines, Public Lighting 

Commission, 440 Jefferson Ave., 
Detroit, Michigan. 

Stewart, W. M. Wire Chief, New York Telephone Co., 

18 Cortlandt Street, New York City; 
residence, 973 Amsterdam Ave., 
New York City. 

Stine, Wilbur M. (Vice-President.) Director Electrical 

Dept., Armour Institute ; residence, 
635 W. 61st Street, Chicago, Ill. 


Stocicbridge, Geo. IT. 

Stone, Charles A. 
Stone, Joseph P. 

Storer, Norman W. 

Storrs, Prof. H. A. 


Patent Attorney, 95 Nassau Street; 
residence, 2514 nth Ave , near 
187th St., New York City. 

With Firm of Stone & Webster, 4 
P. O. Sq., Boston, Mass. 

Electrical Engineer, General Electric 
Co.; residence, 213 Liberty Street, 
Schenectady, N. Y. 

Electrical Engineer, Westinghouse 
Electric and Mfg. Co., residence, 
Amber Club, Pittsburg, Pa. 

Professor of Electrical Engineering, 
University of Vt., Burlington, Vt. 


Stratton, Alex. 


Straus, Theodore 


Assistant Electrical Engineer, C. & C. 
Electric Co., Garwood N. J.; resi¬ 
dence 120 W. 126th St., New York 
City. 

Electrical Eng., General Electric Co., 
Schenectady, N. Y.; residence, 1213 
Linden Avenue, Baltimore, Md. 


m 

Date of Election. 

Nov. 30, 1897 
Mar. 21, 1893 

Jan. 17, 1S94 
May 19, 1S91 

Feb. 7, 1890 
Nov. 15, 1892 

Jan. 20, 1897 
Dec. 6, 1S87 

Mar. 20, 1895 

Sept. 19, 1S94 
Dec. 20, 1896 

Mar. 25, 1896 

May 15, 1S94 

May 24, 1887 
May 19, 1891 

Dec. 18, 1895 

Dec. 18, 1895 
Mar. 21, 1893 

Mar. 20, 1895 
Nov. 18, 1S96 


(20) 
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ASSOCIATE MEMEERS 


Name. 


Address. 


Date of Election. 


Strauss, Herman A. Consulting Electrical Engineer and 

Electrical Expert, 54 Maiden Lane 
and 29 Liberty St; residence, Kings- 
court, Madison Ave., and 87th St., 
New York. 

Strong, Frederick G. Box, 959, Hartford, Conn. 

Sturtevant, Charles L. Patent Attorney, Atlantic Building, 

Washington, D. C. 

Sullivan, Edward Supt. Construction, Standard Under¬ 
ground Cable Co., 18 Cortlandt St., 
residence, 337 W. 18th Street, New 
York City. 

Summers, Leland L. Electrical Engineer, 441 The Rookery, 

Chicago, III. 

Sventorzf.tzky, Capt. Loudomir Military Engineering Acad¬ 
emy, St. Petersburg, Russia. 

Swenson, Bernard Victor Assistant Professor of Electrical 

Engineering, University of, Illinois, 
Champaign, Ill. 

Chief of Patent Bureau, Thomson 
Electric Welding Co., 4 Spruce St , 
Boston, Mass. 

Instructor, Electrical Engineering, 
Spring Garden Institute ; residence, 
12 North 38th St., Philadelphia, Pa. 

Chief Engineer, Bell Telephone Co., of 
Mo., Telephone Bldg., St. Louis,Mo. 


Sweet, Henry N. 

Swoo pe, C. Walton 

Sykes, Henry H. 


Oct. 17, 1894 
Oct. 27, 1S91 

Dec. 20, 1893 

Feb. 26, 1896 
Feb. 16, 1892 

Sept. 20, 1893 

Feb. 27, 1895 

May 20, 1890 

Jan. 26, 1S9S 
Oct. 18, 1S93 


Electrical Engineer, Mining Dep’t, 
Mitsu Bishi Co., Tokio, Japan. 

Superintendent, Catasauqua Electric 
Light and Power Co. and Catasauqua 
Gas Co., 731 3d St., Catasauqua, Pa. 

Electrician in Government Printing 
Office, care of Public Printer, Wash¬ 
ington, D. C. 

Temple, William Chase Mechanical and Electrical Engineer, 

Lewis Block, P. O. Box Soof Pitts¬ 
burg, Pa. 

Tesla, Nikola Electrical Engineer and Inventor, 46 

E. Houston St., The Gerlach, 53 
W. 27th St., New York City. 

Thayer, George Langstaff Manager, Belle Plaine Electric 

Light Co., Belle Plaine, la. 

1 homas, Robert McKean, J 5 . E. Assistant Chief Inspector, 

Bureau of Electrical Appliances, N.’ 
V Fire Dept.; residence, 135 Madi¬ 
son Ave., New York City. 

Thordarsson, Chester H. Chicago Edison Co.; residence 

284 Rush St., Chicago, Ill. 

Thresher, Alfred A. Electrical Engineer and Proprietor 

Thresher Electric Co., Dayton, O 

Thurber, Howard F. General Superintendent, New York 

Telephone Co., 18 Cortlandt Street, 
New York City; residence, 49 Sidney 
Place, Brooklyn, N. Y. 7 

(20) 


Tachihara, Jin 
Tait, Frank M. 

Tapley, Walter H. 


Jan. 26, 189S 
Sept. 19, 1894 

Oct. 25, 1892 

May 3, 1887 

June 5, 1888 
Aug. 5 > 1896 

April 22, 1896 
Dec. 18, 1895 
April 22, 1896 

Mar. 25, 1896 
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Name. 

Toerring, C., Jr. 


Torchio, Philippo 


Tower, George A. 


Address. Date of Election. 

Electrical Engineer, Helios Electric 
Co., 3214 Arlington Avenue., Phila¬ 
delphia, Pa. April iS, 1894 

Engineering Dep’t, The Edison Elec. 

Illuminating Co., 53 Duane Street, 

New York City. June 27, TS95 

Electrical Engineer, The Sherwood 
Land Co., and The Jefferson Hotel 
Co., 704 E. Main St., Richmond, Va. May 15,1894 


Townsend, Henry C. Attorney and Expert in Electrical 

Cases, 5 Beekman St., New York 

City. July 10, 188S 

Townsend, Samuel G. F. Assistant in Electrical Engineering, 

Columbia University ; residence, 131 

Fifth Ave., New York City. Jan. 20, 1897 


Treadwell, Augustus, Jr. Private Assistant, Polytechnic In¬ 
stitute, 488 3d St., Brooklyn, N. Y. 

Trott, A. H. Hardy Beer, near Axminster, Devonshire, 
[Life Member.] Eng. 


Tuttle, George W. Electrical Engineer, Sawyer-Man Elec¬ 
tric Co., 510 W. 23d St.; residence, 
328 W. 23d St., New York City. 


Vail, Theo. N. 


26 Cortlandt St., New York City. 


Feb. 2i, 1894 
Jan. 20, 1891 

Mar. 17, 1891 
April 15, 1884 


Van Buren, Gurdon C. Electrician and Electrical Contractor, 

84 Clinton Ave., Albany, N. Y. 


Oct. 25, 1892 


Vandegrtft, James A. 


Sawyer-Man Electric Company, 125 • 

Robinson St., Allegheny, Pa. Nov. 24, 1891 


Vanderslice, G. Hamilton 326 Penn Avenue. Pittsburg, Pa. 

Van Deventer. Christopher Student, Columbia University , 

residence, 626 Lexington Ave , New 

York City. 


Van Vleck, Frank 


President, Van Vleck Tramway Co., 
Wells Fargo Bldg., Los Angeles, 
Cal. 


Dec. 19, 1894 

Feb. 17, iSq 7 

Nov. 16, 1886 


Van Vleck, 


Tohn Falconer Constructing Engineer, The Edi¬ 
son Electric and Illuminating Co. of 
New York; residence, Glenridge, N. J. 


Aug. 


5, 1S96 


Van Wyck, Philip V. R., Jr. Plainfield, N. J 
Varley, Thomas W. 


Electrician, United Electric Light and 
Power Co., 210 Elizabeth St., New 
York City. 


Varney, 


William Wesley 


Attorney at Law, Electrical Expert, 
118 East Lexington St,; residence, 
712 N. Carey St., Baltimore, Md. 


April 21, 1891 

Sept. 19, 1894 
Nov. 21, 1S94 


Venable, Wm. Mayo 


Electrical Inspector, Cincinnati Un¬ 
derwriters’ Association ; residence, 

3649 Vineyard Place, Cincinnati, O. Nov 30, 1897 


Voit, Dr. Ernst 


Professor of Electricity, Technical 
University, Schwanthalerstrasse, 

Munchen, Germany. Mar * 2r > 1894 


(20) 
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Name. Address 

Vosmakr, Alexander Electrical. Mechanical, Chemical En¬ 
gineer, Director Electrical Research 
Laboratory, Zijlweg, 49 Haarlem, 
Holland. 

Wagner, Edward Andrews. Electrician, 30 Eddy St. 

Ithaca, N. Y. 

Walker, Arthur F. Sup’t and Electrical Engineer, Edison 

•Light Co., Grand Rapids, Mich. 

Wallace, Ciias. F. Engineer, Stone and Webster, Boston, 

Mass.; residence, 62 Forest Street, 
Roxbury, Boston, Mass. 

Wallace, William Washington, D. C. 

Wardell, Georoe Phelps 675 Marcy Are., Brooklyn, N. Y. 

Wardlaw, George A. [Address unknown.] 

Standard Underground Cable Co., 61 
Westinghouse Bldg., Pittsburg, Pa. 


Waring, Richard S 

Warner, Ciias. II. 
Warren, A lured K 

Wason, Ciias. W. 
Waters, Edward G. 


Consulting Electrical Engineer, Bowl¬ 
ing Green Building, New York City. 

Proprietor, A. K. Warren & Co., 45r 
Greenwich St., New York; residence 
New Brighton, N. Y. 

Electrical Engineer and Purchasing 
Agent, Cleveland Electric R. R. Co., 
2069 Euclid Ave., Cleveland, O. 

General Electric Co., 44 Broad St., 
New York City. 

Watts, II. Franklin Electrical Engineer and Contractor 

1467 N. 53d St., W. Philadelphia, Pa. 

Wkbr, Henry Storks Instructor in Electrical Engineering, 

Lehigh University, South Bethlehem! 
Pa. 

Webster, I.)r, Arthur G. Assistant Professor of Physics, Clark 

University, 936 Main St., Worces¬ 
ter, Mass. 

Wkhstkr, Erwin S. Firm of Slone & Webster, 4 1 > O 

Sq., Boston, Mass. 

Wkise, Will M. T. Manager, Weise Bros., Library Build- 

ing, Davenport, Iowa. 

Wells, Dana Clkmmer Assistant in Physics, Columbia Uni- 

versity, New York ; residence, 109 
Willow St., Brooklyn, N. Y. 

Wenijle, George E. 760 W. 4th Si., Williamsport, Pa. 

West, Julius Henrik Engineer, Handjery St„ 58 Friedenau, 

Berlin, Germany. 


Welles, Francis R. 
Wharton, Hugh M 


Manufacturer, 46 Avenue de Breteui! 
l aris, France. 

Electrical Engineer, 69 Christopher 
bt., Montclair, N. J. 

Whitaker, S. Edgar Electrical Engineerand Contractor 58 

Oliver St., Fitchburg, Mass. 

(23) 


Date of Election. 

Nov. 18, 1896 
Jan. 22, 1896 
Oct. 23, 1895 

Nov. 18, 1S96 
April 15, 1884 
Nov. 12, 1889 

Jan. 17, 1894 
April 15, 1S84 

Dec. 20, 1893 
Nov. 20, 1895 

May 19, 1891 

Mar. 18, 1890 
May 20, 1890 

Nov. 20, 1895 

Jan. 19, 1892 
April 21, 1891 
Aug. 13. 1897 

April 28, 1897 
Eeb. 2r, 1894 

Sept. 20, 1893 

Sept. 6, 1887 

May IS, *894 

Aug. 5, 1896 
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Address, Date of Election. 

Public Schools Sup’t, and Instructor 
in Physics and Chemistry, Lake 
Linden, Mich. Sept. 23, 1S96 

j. G. White A Co., Electrical Engi¬ 
neers and (onlractors, 29 Broadway, 

Now York City. April 2,1889 

Electrical Engineer, Vice-President. 

New Omaha P.-II. Electric Light 

Co., 31») So. 13th St., Omaha, Neb. Feb. 7, 1890 

Electro al Engineer, Hiker Electric 
Motor Co,, Brooklyn, N. Y.; resi¬ 
dence, Stamford, Conn. Nov. 18, 1896 

Electrical Engineer, Oeneral Electric 
Co., Edison building, Box 3067, 

New York City. Mar. 18, 189c 

Si Milk St., boston, Mass. July 12, 1887 


Electrical Engineer, Wiederhold N 
Stoeckel, 30 Cortlandt St., New 
York ; residence, Summit, N. J. Aug. 13, 1897 


Citv Electrician of Alameda, 718 

Haight Avc., Alameda, Cal. Sept. 25, 1895 

Electrical Engineer, The Staten Island 
Midland Railway Co., Stapleton, 
n- \\ Mar. 5, 1889 


Engineer, with the American Water¬ 
works, 1107 No. 40th St.. Omaha, 
Neb. 

Scientific Expert, 53 E. 10th St.., New 
York City. 


April t8, 1894 
Keb. 7> 1888 


Oeneral Inspector, The Edison Elec¬ 
tric Illuminating Co., nf New York; 
residence, 155 Linden Boulevard, 

Brooklyn, N. V. June 23, 1897 

Electrician, 1 Arlington Street, East 
Somerville, Mass. April 15, 1884 


District Supt. The Edison & Swan 
United Electric Co., Ltd., 134 Royal 
Avenue ; residence, Culmore, Glen- 
Burn bark, Belfast, Ireland. Oct. 27, 1897 

r Dobbs Kerry, N. Y. April 18, 1893 


Supt. Richmond "Fraction Co., Rich¬ 
mond, Va. 


Nov. 30, 1897 


< General Manager, Sioux City T raction 
Co., Sioux City, Mo. 

Engineer and Supt., Schleicher, 
Sehumm & Co,, 3200 Arch St., 
Philadelphia, Pa. 

9 Laurel St., Holyoke, Mass. 

The General 'Fraction Company, Ltd., 
35 Parliament Street, Westminster, 
Jxmdon, Eng* 


Sep. 25, 1895 

June 20, 1894 
May 15. 1894 


Noy. t2, *889 
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ASSOCIATE MEMBERS. 


Name. 

WlNTRINGHAM, J. P. 

Wirt, Herbert C. 
Woodward, Francke L. 


Address. Date of Election. 

Theorist, 36 Pine St , New York City, 
and 153 Henry St., Brooklyn, N.Y. May 7, 1889 

Engineer, Supply Department, General 
Electric Co., Schenectady, N. Y. June 26, 1891 

Electrical Engineer, 49 Grand Street, 

Albany, N. Y. June 26, 1891 


Woodward, W. C. Electrical Engineer, Narragansett 

Electric Lighting Co.; residence, 21 
Arlington Ave., Providence, R. I. Nov. 18, 1896 
Woodworth, Geo. K Instructor in Electrical Laboratory, 

Bliss School of Electricity, 35 B. St., 

N. W.; residence, 1424 St., N. W. 

Washington, D. C. Feb. 17, 1897 


Woolf, Albert E. 


Worswick, A. E. 


Wottgn, James A. 


Wray, J. Glen 


Electrician and Inventor, The Electro- 
zone Co , 415 Lexington Ave., New 
York City. 

Electrical Engineer, Cape Town 
Tran ways Company, Cape Town, 
So. Africa. 

Electrician, Southern Bell Telephone 
and Telegraph Co., P. O. Box, 218, 
Atlanta, Ga. 

Assistant Engineer, Chicago Tele¬ 
phone Co., 162 Centre St., Chicago, 


Wright, Louis S. 
Wybro, Harrison C. 

Yarnall, V. H. 

Young, Charles I. 

Yslas, Carlos 


■ 1700 Green St., Philadelphia, Pa. 

Electrical Engineer, Wybro & 
Lawrence Co., 53 Chronicle Build¬ 
ing, San Francisco, Cal. 

Superintendent of Construction, for L. 
W. Serrell, 99 Cedar St., New York 
City. 

Electrical Engineer, Westinghouse 
Elec. & Mfg. Co., Girard Building, 
Philadelphia, Pa. 

Electrician of Railway in Jalapa, Vera 
Cruz, Mexico. 


Zalinski, Edmund L. Captain of Artillery, U. S. A., 

(retired), The Century, 7 West 43d 
St., New York City. 

Zimmerman, Laurence J, Electrical Engineer and Inventor, 

57 Pennsylvania Ave., Brooklyn! 


Sept. 16, 1890 
Sept. 20, 1893 

Oct. 27, 1897 

Sept 20, 1893 
Nov. 18, 1896 

Dec. 18, 1895 
May 16, 1893 

June 27, 1895 
Nov. 18, 1896 

May 17, 1887 

Mar. 21, 1893 


(16) Associate Members, 


749 - 


Ryan, Richard W. 

landt. 


OFFICIAL STENOGRAPHER 


Room 17S, Post Office Building, Telephone, 2787 Cort- 
Residence, 262 W. nth St., New York City. 


SUMMARY. 

Honorary Members, - 
Members, - - 

Associate Members, 


2 

35 i 

749 


Total 


* xioa 




